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PREFACE 



Headquartered in Santa Clara, California, Siliconix is a multinational company 
with five wholly-owned subsidiaries that manufacture and/or market semicon- 
ductors—including MOSPOWER, RF MOSPOWER, ICs, Analog Switches and 
Small Signal FETs. Manufacturing and marketing operations are located in 
Santa Clara, Swansea (Wales), Hong Kong and Taiwan. Marketing operations 
are also located in England, France and West Germany, with a joint sales ven- 
ture in Japan. 

Since pioneering the MOSPOWER technology on October 11, 1975, Siliconix has 
not only continued to lead the industry in units shipped, but has introduced the 
first RF MOSPOWER line, introduced the first Quad MOSPOWER devices, and 
introduced the world's only 200°C rated device. Siliconix' continual commitment 
to high reliability has motivated development of nitride passivation, unique field 
termination and the most rugged device now available. 

Fabricated by the double-diffused MOS process, the MOSPOWER devices offer 
the advantages of speed and simple drive requirements characteristic of MOS 
transistors. Unlike bipolar transistors, MOSPOWER devices do not require pro- 
tective circuitry to prevent damage from secondary breakdown and, because of 
their high input impedance, they can be driven and controlled by a single IC. The 
advantages of MOSPOWER devices over bipolar transistors have stimulated 
new higher performance designs which take advantage of the extremely fast 
switching speeds, better voltage control and temperature stability. 

Siliconix offers the most extensive range of MOSPOWER electrical ratings and 
package options from any single source. Single MOSPOWER transistors are of- 
fered with drain-to-source breakdown voltages from 30V to 500V, drain currents 
from 0.15A to 40A and "ON" resistance ratings from 0.055Q to 10Q. N- and 
P-Channel Quads in both plastic and side braze with breakdown voltages up to 
90V are also offered. 

Continuing support of military and high-reliability needs, Siliconix offers op- 
tional /750, /883, and JANTXV equivalent process flows for all hermetic 
packages. Siliconix will continue to lead the industry with the most high-rel 
units shipped in 1982. 

Siliconix' vast sales network has made state-of-the-art technology readily 
available today. With continuing advancements in design and packaging tech- 
niques, higher voltage, higher current and more complex devices will soon be 
available to make designers' jobs even easier. 



TONY GRANT V 
MOSPOWER PRODUCT MARKETING MANAGER 
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How to Use the 
MOSPOWER Selector Guides 



SHORT FORM MOSPOWER SELECTOR GUIDE (PRIME PRODUCTS): 

This selector guide is designed to quickly identify the appropriate prod- 
uct family (data sheet) by separating the MOSPOWER product line by 
package type, breakdown voltage and current handling capability. This 
selector guide only shows prime products. For more cost effective se- 
lections, refer to the full line selector guide or the appropriate data 
sheet. 



MOSPOWER SELECTOR GUIDE (FULL LINE): 

This selector guide lists the complete MOSPOWER product line by 
package type, breakdown voltage, RDS(on), iD(continuous)- power dissipa- 
tion, and part number. For complete electrical characteristics and 
power ratings, refer to the appropriate data sheet listed in the Table of 
Contents. 




MOSPOWER Prime Product Selector Guide 
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inn 


n q 
U.o 


r n 
o.u 


ACi 
4U 


iDPiin 




•fUU 


1 
1 


a n 

4.U 


4U 


ipCOOO 
1 nr£££ 




150 


0.085 


30.0 


150 


IRF251 




150 


0.12 


25.0 


150 


IRF253 




150 


0.18 


18.0 


125 


IRF241 




150 


0.22 


16.0 


125 


IRF243 




150 


0.4 


Q A 

y.o 


r 


Inr^O l 




150 


0.6 


8.0 


75 


IRF233 




150 


08 


5 


40 


IRF221 




150 


1.2 


4.0 


40 


IRF223 




120 


0.18 


14.0 


75 


VN1200A 




120 


0.25 


12.0 


100 


VN1201A 


*200'C Rating 
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MOSPOWER Selector Guide (Continued) 



N-cnanne 


K il/"\CD/"M A/TO 

MOSPOWER 


(Continued) 










Breakdown 




[D 


Power 




Device 


Voltage 


Continuous 


Dissipation 


Part 




(VOItS) 


(Ohms) 


(Amps) 


(watts; 


Number 




100 


0.055 


40.0 


150 


IRF150 




100 


0.08 


33.0 


150 


IRF152 




100 


0.085 


27.0 


125 


IRF140 




100 


0.1 1 


24.0 


125 


IRF142 




100 


o!i8 


14.0 


100 


VN1000A 




100 


0.18 


14.0 


75 


IRF130 




100 


0.25 


12.0 


100 


VN1001A 




100 


0.25 


12.0 


75 


IRF132 




100 


0.3 


8.0 


40 


IRF120 




100 


0.4 


7.0 


40 


IRF122 




90 


4.0 


1.9 


25 


2N6658 






45 


1 8 


25 




r~f 


Qn 




■j j 


25 


VMQDAA 
V vA sunn 




80 


0.18 


14.0 


100 


VN0800A 




80 


0.25 


12.0 


100 


VN0801A 


1 


60 


055 


40 


150 


IRF151 


TO-3 


60 


o!o8 


33^0 


150 


IRF153 


60 


0.085 


27.0 


125 


IRF141 




60 


0.11 


24.0 


125 


IRF143 




60 


0.12 


18.0 


100 


VN0600A 






n is 


16.0 




VNinfim a 

V IN UOU 1 r\ 




60 


0.18 


14.0 


75 


IRF131 




60 


0.25 


12.0 


75 


IRF133 




60 


0.3 


8.0 


40 


IRF121 




60 


0.4 


10.0 


80 


VN64GA 




60 


0.4 


7.0 


40 


IRF123 




60 


3.0 


2.0 


25 


2N6657 




60 


3.5 


2.0 


25 


VN67AA 




40 


12 


1 O.U 


100 


VN0400A 




40 


o!i5 


16.0 


100 


VN0401A 




35 


1.8 


2.0 


25 


2 N 6656 




35 


25 


2.0 


25 


VN35AA 




500 


0.85 


8.0 


125 


IRF840 




500 


1.10 


7.0 


125 


IRF842 




500 


1.5 


4.5 


75 


VN5001 D 




500 


1.5 


4.5 


75 


IRF830 




500 


2.0 


4.0 


75 


VN5002D 




500 


2.0 


4.0 


75 


IRF832 




ouu 


o.u 






ip coon 




ouu 


A ft 




At) 


I R F822 




450 


0.85 


8.0 


125 


IRF841 




450 


1.10 


7.0 


125 


IRF843 




450 


1.5 


4.5 


75 


VN4501D 




450 


1.5 


4.5 


75 


IRF831 




450 


2.0 


4.0 


75 


VN4502D 




450 


2.0 


4.0 


75 


IRF833 




*tou 


o.u 




Art 


IDCQOI 

inrot i 






a n 




ACi 


InrO^O 


TO-220AB 


400 


0.55 


10.0 


125 


IRF740 


400 


0.80 


8.0 


125 


IRF742 




400 


1.0 


6.0 


75 


VN4000D 




400 


1.0 


5.5 


75 


IRF730 




400 


1.5 


5.0 


75 


VN4001D 




400 


1.5 


4.5 


75 


IRF732 




400 


1.8 


3.0 


40 


IRF720 




400 


2.5 


2.5 


40 


IRF722 




350 


0.55 


10.0 


125 


IRF741 




350 


0.80 


8.0 


125 


IRF743 




350 


1.0 


6.0 


75 


VN3500D 




350 


1.0 


5.5 


75 


IRF731 




350 


1.5 


5.0 


75 


VN3501D 




350 


1.5 


4.5 


75 


IRF733 




350 


1.8 


3.0 


40 


IRF721 




350 


2.5 


2.5 


40 


IRF723 




240 


6.0 


1.4 


20 


VN2406D 
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MOSPOWER Selector Guide (Continued) 


N-Chann€ 


>l MOSPOWER (Continued) 




Breakdown 


rDS(on) 


id 


Power 




Device 




Continuous 


Dissipation 


Part 




Voltage 
(Volts) 


(Ohms) 


(Amps) 


(Watts) 


Number 




200 


0.18 


18.0 


125 


IRF640 




200 


0.22 


16.0 


125 


IRF642 




200 


0.4 


9.0 


75 


IRF630 






n fi 


8 


75 


1RF632 




200 


0.8 


5^0 


40 


IRF620 




200 


1.2 


4.0 


40 


IRF622 




i7n 


6 


1.4 


20 


V IN I / uUU 




150 


0.18 


18.0 


125 


IRF641 




150 


0.22 


16.0 


125 


IRF643 




150 


0.4 


9.0 


75 


IRF631 




150 


0.6 


8.0 


75 


IRF633 




150 


0.8 


5.0 


40 


IRF621 




150 


1.2 


4.0 


40 


IRF623 




120 


0.18 


14.0 


75 


VN1200D 




120 


0.25 


12.0 


75 


VN1201D 




120 


6.0 


1.4 


20 


VN1206D 




100 


0.085 


27.0 


125 


IRF540 




100 


0.11 


24.0 


125 


IRF542 




100 


0.18 


14.0 


75 


VN1000D 




100 


0.18 


14.0 


75 


IRF530 




100 


0.25 


12.0 


75 


VN1001D 




100 


0.25 


12.0 


75 


IRF532 




100 


0.30 


8.0 


40 


IRF520 


TO-220AB 


100 


0.40 


,7.0 


40 


IRF522 




80 


0.18 


14.0 


75 


VN0800D 




80 


0.25 


12.0 


75 


VN0801D 




80 


4.0 


1.7 


20 


VN88AD 




80 


4.5 


1.6 


20 


VN89AD 




60 


0.085 


27.0 


125 


IRF541 




60 


0.11 


24.0 


125 


IRF543 




60 


0.12 


18.0 


75 


VN0600D 




60 


0.15 


16.0 


75 


VN0601D 




60 


0.18 


14.0 


75 


IRF531 






n or; 


ion 


to 


Inrooo 




60 


0.30 


8.0 


40 


IRF521 




60 


0.40 


7.0 


40 


IRF523 




60 


3.0 


1.9 


20 


VN66AD 




60 


3.5 


1.8 


20 


VN67AD 




40 


0.12 


18.0 


75 


VN0400D 




40 


0.15 


16.0 


75 


VN0401D 




40 


3.0 


1.9 


20 


VN46AD 




An 


k n 


1 K 
I . 




V tN'MJML' 




30 


1.2 


2.5 


20 


VN0300D 






a n 






V IN OOM r 




80 


4.5 


1.4 


15 


VN89AF 




80 


5.0 


1.3 


15 


VN80AF 




60 


3.0 


1.7 


15 


VN66AF 




60 


3.5 


1.6 


15 


VN67AF 


TO-202AA 


40 


30 


1 6 


15 


VN46AF 


40 


5.0 


1.3 


15 


VN40AF 




240 


6.0 


0.8 


6.25 




VM94nRR 




170 


6.0 


0.8 


6.25 


VN1706B 




120 


6.0 


0.8 


6.25 


VN1206B 




100 


S- 3 


6.0 


20 


IRFF120 




100 


0.4 


5.0 


20 


IRFF122 


lt~\ 


90 


4.0 


0.9 


6.25 


2N6661 


1 j L 


90 


4.5 


0.9 


6.25 


VN99AB 




90 


5.0 


0.8 


6.25 


VN90AB 




60 


0.3 


6.0 


20 


IRFF121 




60 


0.4 


5.0 


20 


IRFF123 


TO-39 


60 


3.0 


1.1 


6.25 


2N6660 




60 


3.5 


1.0 


6.25 


VN67AB 




35 


1.8 


1.4 


6.25 


2N6659 




35 


2.5 


1.2 


6.25 


VN35AB 
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MOSPOWER Selector Guide (Continued) 


N-Channe 


>l MOSPOWER (Continued) 


Device 




Breakdown 
Voltage 
(Volts) 


rDS(on) 
(Ohms) 


■d 

Continuous 
(Amps) 


Power 
Dissipation 
(Watts) 


Part 
Number 


TO-52^^ 


60 
60 


5.0 
5.0 


0.2 
0.2 


0.315 
0.315 


VN10KE 
VN10LE 




i 




240 
240 

170 
170 
120 
120 

80 


6.0 
10.0 

6.0 
10.0 

6.0 
10.0 

4.0 

3.0 
5.0 
5.0 
7.5 
7.5 

1.2 


0.3 
0.25 

0.3 
0.25 
0.3 
0.25 

0.35 

0.4 

0.3 

0.3 

0.25 

0.25 

0.7 


1.0 
1.0 

1.0 
1.0 
1.0 
1.0 

1.0 

1.0 
1.0 
1.0 
1.0 
1.0 

1.0 


VN2406M 
VN2410M 

VN1706M 
VN1710M 
VN1206M 
VN1210M 

VN0808M 

VN0606M 

VN10KM 

VN10LM 

VN2222KM 

VN2222LM 

VN0300M 


T0- 


237 




60 
60 
60 
60 
60 

30 








240 
240 


6.0 
10.0 


0.21 
0.16 


0.4 
0.4 


VN2406L 
VN2410L 


TO-92 I 


I 




170 
170 

120 
120 

60 
60 


6.0 
10.0 

6.0 
10.0 

5.0 
7.5 


0.21 
0.16 

0.21 
0.16 

0.2 

U.l D 


0.4 
0.4 

0.4 
0.4 

0.4 
n a 


VN1706L 
VN1710L 

VN1206L 
VN1210L 

VN0610L 

V riZZZZL 














14-Pin Dual-ln-Line 
(Side Braze) 


90 

60 
60 

30 


4.5 

3.5 
5.5 

1.0 


0.40 

0.46 
0.225 

0.85 


1.3 

1.3 
0.5 

1.3 


VQ1006P 

VQ1004P 
VQ1000P 

VQ1001 P 


















90 

60 
60 

30 


4.5 

3.5 
5.5 

1.0 


0.40 


1.3 


VQ1006J 








0.46 
0.225 

0.85 


1.3 
0.5 


VQ1004J 
VQ1000J 


14- Pin Dual-ln-Line 
(Plastic) 




VQ1001J 
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P-Channel MOSPOWER 










Device 


Breakdown 
Voltage 
(Volts) 


r DS(on) 
(Ohms) 


ID 

Continuous 
(Amps) 


Powor 
Dissipation 
(Watts) 


Part 
Number 






-100 


5.0 


0.9 


6.25 


VP1008B 






-80 


5.0 


0.9 


6.25 


VP0808B 




I 


-30 


2.5 


1.3 


6.25 


VP0300B 


TO-39 
















• 


-100 


5.0 


0.37 


1.0 


VP1008M 




I 


-80 


5.0 


0.37 


1.0 


VP0808M 


f 


II 


-30 


2.5 


0.48 


1.0 


VP0300M 


TO-237i 


















-100 


5.0 




0.23 


0.4 


VP1008L 






-80 


5.0 


0.23 


0.4 


VP0808L 


TO-92 J 


















-90 


5.0 


0.41 


1.3 


VQ2006P 






-60 


5.0 


0.41 


1.3 


VQ2004P 






-30 


2.0 


0.60 


1.3 


VQ2001P 


14-Pin Dual-ln-Line 
(Side Braze) 














-90 


5.0 


0.41 


1.3 


VQ2006J 






-60 


5.0 


0.41 


1.3 


VQ2004J 






-30 


2.0 


0.60 


1.3 


VQ2001J 


14-Pin Dual-ln-Line 
(Plastic) 












N- and P-Channel Quad MOSPOWER 


Device 


Breakdown 
Voltage 
(Volts) 


rDS(on) 
(Ohms) 


■d 

Continuous 
(Amps) 


Power 
Dissipation 
(Watts) 


Part 
Number 








3.0** 
3.0** 


N-0.60 


1.3 
1.3 


VQ3001P 
VQ7254P 






30 
20 


P- 0.85 
N-0.60 
P- 0.85 


14-Pin Du 
(Side E 


al-ln-Line 
Iraze) 














d 


30 
20 


3.0** 
3.0** 


N-0.60 
P-0.85 
N-0.60 
P- 0.85 


1.3 
1.3 


VQ3001J 
VQ7254J 


14-Pin Dual-ln-Line 
(Plastic) 












* 'Total (N + P) 



Siiiconix 



MOSPOWER Process Flows 



STANDARD PRODUCT FLOW: 

Standard MOSPOWER process flow combines preseal visual with M1L-STD envi- 
ronmental procedures to assure the highest quality commercial grade products 
available. 

BURN-IN (LEVEL 4)*: 

Optional processing including standard product flow with 100% 96-hour MIL-STD 
HTRB burn-in at 150°C. 

SILICONIX/750*: 

The /750 includes full MIL-STD 19500/750 environmentals with burn-ins at 150°C. 
This optional process flow provides readily available high reliability products 
similar to MIL-STD 19500 JANTX at low cost. 

SILICONIX/883*: 

Siliconix's multi-chip version of the /750 flow for dual-in-line side braze packages. 
The /883 includes full MIL-STD-883B environmental and burn-in testing. 



JAN, JANTX, JANTXV EQUIVALENT*: 



Siliconix is receiving MIL-STD 19500 JAN, JANTX and JANTXV qualifications on 
the popular 2N6660 and 2N6661. More MIL-STD devices will be available soon. 



"For price and delivery information on optional processing flows 
contact the local Siliconix Sales Representative. 



Siliconix 
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MOSPOWER 
Commercial/Industrial Process Flow (1) 

__: .1 • , 



STANDARD PRODUCT 
FLOW 



Preseal Inspection 
Siliconix Standard 
MOSPOWER Visual 
Criteria 



Stabilization Bake 
Method 1032 

24 Hr. £ Maximum Rated 



Fine Leak. AOL 1% 
Method 1071, 
Condition G or H 
(Hermetic Only) 
Maximum Leak Rate 
TO-3 = 5 » 10 " 7 atm cc/sec 
Other = 5 x 10 ~ 8 atm cc/sec 



Gross Leak, AOL 1 
Method 1071. Conditk 
(Hermetic Only) 



Electrical Test 
100% to 
25% Static Parameters 



Quality Conformance 
25'C Static 0.65% AQL 
External Visual AQL 1.5% 



BURN-IN 
(LEVEL 4) 



Preseal Inspection 
Siliconix Standard 
MOSPOWER Visual 
Criteria 



Stabilization Bake 

Method 1032 

24 Hr. U Maximum F 



Fine Leak, AOL 1% 
Method 1071. 
Condition G or H 
(Hermetic Only) 
Maximum Leak Rate 
TO-3 = 5x 10" 7 atm cc/sec 
Other = 5 ■ 10 " 8 aim cc/sec 



Gross Leak AQL 1% 
Method 1071, Condition C 
(Hermetic Only) 











Electrical Test 
100% to 

25% Static Parameters 










HTRB Burn-In 

Method 1039. Condition A 

96 Hr. a 150-C 



Electrical Test 
100% to 

25°C Static Parameters 



Quality Conformance 
25-C Sialic 0.65% AQL 
External Visual AQL 1.5% 



1. All tests are per MIL-STD-750 unless specified otherwise. 



I 



■ I 

I 



I 
I 
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Siliconix 



MOSPOWER Military/ Hi-Rel Process Flows 



(3) 



Standard Military/Hi-Rel Flows 



19500 MIL-STD Optional Flows 



r 



n r 



SILICONIX/750 



SILICONIX/683 
(MULTICHIP SIDEBRAZE) 



Preseal Inspection 
Method 2072 



Preseal Inspection 
Method 2017 



Stabilization Bake 
Method 1032 

24 He % Maximum Rated 
Storage Temperature 



Temperature Cycle 
Method 1051, 
Condition C or F 



Stabilization Bake 
Method 1008. Condition C 
150*C. 24 Hours 



Constant Acceleration 

Method 2006 

Y1 Axis 

TO-3 = 10.000G 

Other = 30.000G 



Fine Leak, 

Method 1071, 

Condition G or H 

Maximum Leak Pate 

TO-3 = 5 x 10 - 7 atm cc/sec 

Other = 5 * 10 - 8 atm cc/sec 



Centrifuge 

Method 2001. Condition E 
30.000G Y1 Axis 



Gross Leak. 

Method 1071, Condition C 



Electrical Test 
100% to 

25°C Static Parameters 
I 



HZ 



<5 x 10 8 cc'sec 



HTGB Burn-In 

Method 1039. Condition B 

24 Hr. $ 150°C 



Electrical Test 
100% to 

25°C Static Parameters 



HTRB Burn-In 

Method 1039, Condition A 

160 Hr. -0/ + 8 <S 150°C 



Electrical Test 
100% to 

25% Static Parameters 



Electrical Test 
100% to 

25°C Static Parameters 



Quality Conformance 
25°C Static 0.65% AOL 
External Visual AQL 1.5% 



Electrical Test 


100% to 




25°C Static Parameters 






Quality Conic 


rmance 


Group A- 
MBthod 5005 





L. 



'Group B and C tests done to 
customer order on /883 parts 
"Physical Dimensions Excluded 
The latest revision ot 
MIL-STD-883 is applicable 




JAN 
EQUIVALENT 



Preseal Inspection 
Method 2072 



X 



Stabilization Bake 
Method 1032 

24 Hr. @ Maximum Rated 
Storage Temperature 



Fine Leak, AOL 1% 

Method 1071, 

Condition G or H 

Maximum Leak Rate 

TO 3 = 5 ■ 10 - 7 atm cc/sec 

Other = 5 x 10 ~ 8 atm cc/sec 



Gross Leak, AQL 1% 
Method 1071, Condition C 






Electrical Test 
100%. to 

25°C Static Parameters 






Quality Conformance 
25°C Static LTPD = 5 

-55°C Static LTPD = 5 
150'C Static LTPD = 5 
2S°C Dynamic LTPD = 10 

External Visual LTP0 = 5 



JANTX, 
JANTXVW 
EQUIVALENT 



Preseal Inspection 
Method 2072 



Stabilization Bake 
Method 1032 

24 Hr. @ Maximum Rated 
Storage Temperature 



Temperature Cycle 
Method 1051, 
Condition C or F 



Constant Acceleration 

Method 2006 

Y1 Axis 

TO-3 = 10,000G 

Other = 30,0O0G 

l 



Method 1071, 
Condition G or H 
Maximum Leak Rate 
TO-3 = 5 x 10 ~ 7 atm cc/sec 
Other = 5 x 10 " 8 atm cc/sec 



Gross Leak, 

Method 1071, Condition C 



Electrical Test 
100% to 

25°C Static Parameters 



HTGB Burn-In 




Method 1039. Condi 


ion B 


24 Hr. « 150»C 





Electrical Test 
100% to 

25°C Static Parameters 
Read & Record 



HTRB Burn-In 

Method 1039. Condition A 

160 Hr. -0/ + 8 (Jj 150°C 



Electrical Test 
100% to 

25°C Static Parameters 
Read, Record & Deltas(2> 



Quallty Conformance 
25°C Static LTPD = 5 

-55°C Static LTPD = 5 
150-C Static LTPD = 5 
25 a C Dynamic LTPD = 

External Visual LTPD = 5 



L. 



t. U.S.A. built. 

2. Delta values dependent on device type. 

3. All tests are per MIL-STD-750 unless spe 



J 
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How to Use the 
MOSPOWER Cross Reference List 



EXAMPLE 1: Siliconix equivalent is identical to industry part number. 



Industry Part Number 

IRF120 



Siliconix Equivalent 

IRF120 



Siliconix offers the exact replacement with electrical 
characteristics and ratings which meet or exceed the 
standards of industry part number. 



EXAMPLE 2: Siliconix equivalent which is not identical to the industry 
part number. 



Industry Part Number 

HPWR-6501 



Siliconix Equivalent 
IRF441 



Siliconix equivalents referenced in the cross reference 
list are functional equivalents in similar package types 
which meet or exceed the critical device ratings (BVdss, 
RDS(on), lD(on)) of the industry part number. 
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Siliconix 



MOSPOWER Cross Reference List 


HEWLETT-PACKARD 


Industry 


bvdss 


fDS(on) 


Package 


Siliconix 


BVqsS 


rDS(on) 


Part No. 


(Volts) 


(Ohms) 


Equivalent 


(Volts) 


(Ohms) 


HPWR-6501 


450 


0.85 


TO-3 


IRF441 


450 


0.85 


HPWR-6502 


400 


0.74 


TO-3 


IRF340 


400 


0.55 


HPWR-6503 


450 


1 .0 


TO— 3 






0.85 


HPWR-6504 


400 




TO-3 




400 


1.0 


HITACHI 


2SK132 


100 


1.71 


TO-3 


IRF122 


100 


0.4 


2SK133 


120 


1.71 


TO-3 


IRF223 


150 


1.2 


2SK134 


140 


1.71 


TO-3 


IRF223 


150 


1.2 


2SK135 


160 


1.71 


TO-3 


IRF222 


200 


1.2 


2SK175 


180 


1.71 


TO-3 


IRF222 


200 


1.2 


2SK176 


200 


1.71 


TO-3 


IRF222 


200 


1.2 


2SK220 


160 




TO-3 








2SK221 


200 




TO-3 








2SK259 


350 


3.0 


TO-3 


IRF323 


350 


2.5 


2SK260 


400 


3.0 


TO-3 


IRF322 


400 


2.5 


2SJ47 


-100 


1.71 


TO-3 








2SJ48 


-120 


1.71 


TO-3 








2SJ49 


-140 


1.71 


TO-3 








2SJ50 


-160 


1.71 


TO-3 








INTERNATIONAL RECTIFIER 


IRF120 


100 


0.30 


TO-3 


IRF120 






IRF121 


60 


o'30 


TO-3 


IRF121 






IRF122 


100 


0.40 


TO-3 


IRF122 







IRF123 


60 


0^40 


TO-3 


IRF123 






IRF130 


100 


0.18 


TO-3 


IRF130 






IRF131 


60 


0.18 


TO-3 


IRF131 






IRF132 


100 


0.25 


TO-3 


IRF132 






IRF133 


60 


0.25 


TO-3 


IRF133 






IRF140 


100 


0.085 


TO-3 


IRF140 






IRF141 


60 


0.085 


TO-3 


IRF141 






IRF142 


100 


0.1 1 


TO-3 


IRF142 






IRF143 


60 


O^l 


TO-3 


IRF143 






IRF150 


100 


0.055 


TO-3 


IRF150 


— 


— 


IRF151 


60 




TO-3 


IRF151 






IRF152 


100 


0.08 


TO-3 


IRF152 






IRF153 


60 


0.08 


TO-3 


IRF153 






IRF220 


200 


0.8 


TO-3 


IRF220 






IRF221 


150 


0.8 


TO-3 


IRF221 






IRF222 


200 


1.2 


TO-3 


IRF222 






IRF223 


150 


1.2 


TO-3 


IRF223 






IRF230 


200 


0.4 


TO-3 


IRF230 






IRF231 


150 


0.4 


TO-3 


IRF231 






IRF232 


200 


0.6 


TO-3 


IRF232 






IRF233 


150 


0.6 


TO-3 


IRF233 






IRF240 


200 


0.18 


TO-3 


IRF240 






IRF241 


150 


0.18 


TO-3 


IRF241 






IRF242 


200 


0.22 


TO-3 


IRF242 






IRF243 


150 


0.22 


TO-3 


IRF243 






IRF250 


200 


0.085 


TO-3 


IRF250 






IRF251 


150 


0.085 


TO-3 


IRF251 






IRF252 


200 


0.120 


TO-3 


IRF252 






IRF253 


150 


0.120 


TO-3 


IRF253 






IRF320 


400 


1.8 


TO-3 


IRF320 






IRF321 


350 


1.8 


TO-3 


IRF321 






IRF322 


400 


2.5 


TO-3 


IRF322 






IRF323 


350 


2.5 


TO-3 


IRF323 






IRF330 


400 


1.0 


TO-3 


IRF330 






IRF331 


350 


1.0 


TO-3 


IRF331 






IRF332 


400 


1.5 


TO-3 


IRF332 






IRF333 


350 


1.5 


TO-3 


IRF333 






IRF340 


400 


0.55 


TO-3 


IRF340 






IRF341 


350 


0.55 


TO-3 


IRF341 






IRF342 


400 


0.80 


TO-3 


IRF342 






IRF343 


350 


0.80 


TO-3 


IRF343 






IRF350 


400 


0.3 


TO-3 


IRF350 






IRF351 


350 


0.3 


TO-3 


IRF351 






IRF352 


400 


0.4 


TO-3 


IRF352 






IRF353 


350 


0.4 


TO-3 


IRF353 







Siliconix 



nt'd) 



INTERNATIONAL RECTIFIER (Cont'd) 



Industry 
Part No. 


bvdss 

(Volts) 


'DS(on) 
(Ohms) 


□ L 
r3CK3Q@ 


Siliconix 
Equivalent 


bvdss 

(Volts) 


rDS(on) 
(Ohms) 


IRF420 


500 


3.0 


TO-3 


IRF420 


— 


— 


IRF421 


450 


3.0 


TO-3 


IRF421 


— 


— 


IRF422 


500 


4.0 


TO-3 


IRF422 


— 


— 


IRF423 


450 


4.0 


TO-3 


IRF423 


— 


— 


IRF430 


500 












1.5 


TO-3 


IRF430 




— 


IRF431 


450 


1.5 


TO-3 


IRF431 


— 




IRF432 




2-0 
2.0 


TO-3 


IRF432 


— 




IRF433 


S2 

500 


TO-3 


IRF433 


— 


— 


IRF440 


0.85 


TO-3 


IRF440 


— 


— 


IRF441 


450 


0.85 


TO-3 


IRF441 


— 


— 


IRF442 


500 


1.10 


TO-3 


IRF442 


— 


— 


IRF443 


450 


1.10 


TO-3 


IRF443 


. — 


— 


IRF450 


500 


0.4 


TO-3 


IRF450 


— 


— ■ 


IRF451 


450 


0.4 


TO-3 


IRF451 


— 


— 


IRF452 


500 


0.5 


TO-3 


IRF452 


■ V-' — 


— 


IRF453 


450 


0.5 


TO-3 


IRF453 

— T 


— 




IRF510 


100 


0.6 


TO-220 


— 


IRF511 


60 


0.6 


TO-220 





— 


— 


IRF512 


100 


0.8 


TO-220 





— 




IRF513 


60 


0.8 


TO-220 





— 


— 


IRF520 


100 


0.3 


TO-220 


IRF520 


— 


— 


IRF521 


60 


0.3 


TO-220 


IRF521 


.-"r» 




IRF522 


100 


0.4 


TO-220 


IRF522 




t '— ,n T.. 


IRF523 


60 


0.4 


TO-220 


IRF523 


— 


— 


IRF530 


100 


0.18 


TO-220 


IRF530 


— 


— 


IRF531 


100 


0.25 


TO-220 


IRF531 


— 


— ' 


IRF532 


60 


0.18 


TO-220 


IRF532 


— 


— 


IRF533 


60 


0.25 


TO-220 


IRF533 


— 


— 


IRF540 


100 


0.085 


TO-220 


IRF540 


— 


— 


IRF541 


60 


0.085 


TO-220 


IRF541 


— 


— 


IRF542 


100 


0.11 


TO-220 


IRF542 


— 


— 


IRF543 


60 


0.11 


TO-220 


IRF543 


— 


— 


IRF610 


100 


1.6 


TO-220 


— 


— 


— 


IRF611 


60 


1.6 


TO-220 


— 


— 


— 


IRF612 


100 


2.4 


TO-220 


— 


— 


— 


IRF613 


60 


2.4 


TO-220 


- r~ 


— 


— 


IRF620 


200 


0.8 


TO-220 


IRF620 


— 


— 


IRF621 


150 


0.8 


TO-220 


IRF621 


— 


— 


IRF622 


200 


1.2 


TO-220 


IRF622 


— 


— 


IRF623 


150 


1.2 


TO-220 


IRF623 


— 


— 


IRF630 


200 


0.4 


TO-220 


IRF630 


— 


— 


IRF631 


150 


0.4 


TO-220 


IRF631 


— 


— 


IRF632 


200 


0.6 


TO-220 


IRF632 


— 


— 


IRF633 


150 


0.6 


TO-220 


IRF633 


— 


— 


IRF640 


200 


0.18 


TO-220 


IRF640 




— 


IRF641 


150 


0.18 


TO-220 


IRF641 


— 


— 


IRF642 


200 


0.22 


TO-220 


IRF642 


— 


— 


IRF643 


150 


0.22 


TO-220 


IRF643 




— 


IRF710 


100 


3.6 


TO-220 




— 


— 


IRF711 


60 


3.6 


TO-220 




— 




IRF712 


100 


5.0 


TO-220 


— 


— 


— 


IRF713 


60 


5.0 


TO-220 


" — 


— 


— 


IRF720 


400 


1.8 


TO-220 


IRF720 


— 




IRF721 


350 


1.8 


TO-220 


IRF721 


— 


— 


IRF722 


400 


2.5 


TO-220 


IRF722 


— 


— 


IRF723 


350 


2.5 


TO-220 


IRF723 


— 


— 


IRF730 


400 


1.0 


TO-220 


IRF730 


— 


— 


IRF731 


350 


1.0 


TO-220 


IRF731 




— 


IRF732 


400 


1.5 


TO-220 


IRF732 


— 


— 


1RF733 


350 


1.5 


TO-220 


IRF733 


— 


— 


IRF820 


500 


3.0 


TO-220 


IRF820 


. — 


— 


IRF821 


450 


3.0 


TO-220 


IRF821 


— 


— s 


IRF822 


500 


4 


TO-220 


IRF822 






IRF823 


450 


4.0 


TO-220 


IRF823 






IRF830 


500 


1.5 


TO-220 


IRF830 






IRF831 


450 


1.5 


TO-220 


IRF831 






IRF832 


500 


2.0 


TO-220 


IRF832 


Oc" — 




IRF833 


450 


2.0 


TO-220 


IRF833 






IRF840 


500 


0.85 


TO-220 


IRF840 






IRF841 


450 


0.85 


TO-220 


IRF841 






IRF842 


500 


1.1 


TO-220 


IRF842 






IRF843 


450 


1.1 


TO-220 


IRF843 
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MOSPOWER Cross Reference List (Cont'd) 



8 

-o 

8 

m 
TO 

O 



70 

(D 

<D 

(D 
3 
O 
<D 

5 



INTERNATIONAL RECTIFIER (Cont'd) 



.i 



Industry 


BVpsS 


rDS(on) 


Package 


Siliconix 


bvdss 


""DS(on) 


Part No. 


(Volts) 


(Ohms) 




Equivalent 


(Volts) 


(Ohms) 


IRF9130 


100 


0.3 


rn 
I \J- 


o 


i d cm on* 
IRF9130 






IRF9131 


60 


0.3 


in 

I w 


o 


i n r-fn OH 

IRF9131 






IRF9132 


100 


0.4 


TO 


o 

o 


IRF9132 






I O C0 1 OO 


bU 


U.4 


TO 


o 

a 


I D CQi oo 

IHFyioo 




■ 




2UU 


U.O 




O 








IRF9231 


IbU 


U.o 


TO 


O 









IDCQOQO 


<;uu 




TA 
1 U" 


o 
O 








Inry^oo 


tSU 




TCl 








— 




lUU 


U.b 


TO 








• - 


i n croc o 1 
IRF952 1 


bU 


U.b 


TA 
1 \J- 


zzu 


1 D COCO i 

IHFyo21 


. * 




IDCOOO 


lUU 


U.o 


TA 

1 u- 




IDCQCOO 






IDCQROI 

Inr-yozo 


OU 


U.b 


Tn 
1 u- 




IDCQKOT 
IHFyo23 






IDCQCOri 

IRF9D3U 


lUU 


U.o 


TO 


oon 


1 DCTQKOn* 

InryooU 






IRF9531 


bO 


U.3 


TCi 
1 Vj- 


oon 


IRFaool 






IRF9532 


100 


f\ A 

U.4 


1 u- 


oon 


1 D COCOO 


08 




i ro r~c\ coo 

IRF9533 


60 


0.4 


1 u- 


oon 


(RF9533 




.0'? 


IRF9610 


200 


3.0 


1 u- 


oon 
*;2U 




COr 




IRF9611 


150 


3.0 


T0- 


220 








IRF9612 


200 


4.5 


TO- 


220 




Q 1 




IRF9613 


150 


4.5 


T0- 


220 


"5" 




■ 


IRF9620 


200 


1.5 


T0- 


220 




M ■ — 




IRF9621 


150 


1.5 


TO- 


220 








IRF9622 


200 


2.4 


T0- 


220 


— 


i — 


> ■ 


IRF9623 


150 


2.4 


TO- 


220 








IRF9630 


200 


0.8 


T0- 


220 








IRF9631 


150 


0.8 


TO- 


220 








IRF9632 


200 


1.2 


TO- 


■220 






' — r .< ■ ■ 


IRF9633 


150 


1.2 


T0- 


-220 








IRFF1 10 


100 


0.6 


TO- 


-39 






■ n • i ' 


IRFF111 


60 


0.6 


T0- 


39 








IRFF1 12 


100 


0.8 


T0- 


-39 






- ; ~ " ~ . > *^ j 


IRFF1 13 


60 


0.8 


T0- 


-39 








IRFF120 


100 


0.30 


TO- 


-39 


IRFF120 






IRFF121 


60 


0.30 


T0- 


-39 


IRFF121 


— 


1 — 


mrrn oo 

IRFF122 


100 


0.40 


T0- 


-39 


IRFF122 






IRFF123 


60 


0.40 


T0- 


-39 


IRFF123 


— 




IRFF130 


100 


0.18 


T0- 


-39 


— 




. • "~ ~ • 


IRFF131 


60 


0.18 


T0- 


-39 






■ . 


IRFF132 


100 


0.25 


TO- 


-39 


I 


— 




IRFF133 


60 


0.25 


TO- 


■39 




r ■ 




2 N 6755 


60 


0.25 


TO- 


-3 


IRF131 




— 


2 N 6756 


100 


0.18 


TO- 


-3 


IRF130 






2N6757 


150 


0.6 


TO- 


-3 








2 N 6758 


200 


0.4 


TO- 


-3 








2 N 6759 


350 


1.5 


TO- 


-3 


i n r~ oo o 

IRF333 


■ 




2 N 6760 


400 


1.0 


TO- 


-3 


i n r~ooo 

IRF330 






2N6761 


450 


2.0 


TO- 


-3 


IRF433 






2 N 6762 


500 


1.5 


TO- 


-3 


IRF430 


— 




2 N 6763 


60 


0.08 


TO- 


-3 








2 N 6764 


100 


0.055 


TO- 


-3 








2 N 6765 


150 


0.120 


TO- 


-3 








2N6766 


200 


0.085 


TO- 


-3 








2N6767 


350 


0.4 


TO- 


-3 








2 N 6768 


400 


0.3 


TO- 


-3 








2 N 6769 


450 


0.5 


TO- 


-3 


1 — 


— 




2N6770 


500 


0.4 


TO- 


-3 


— 


— 


— 


2N6781 


60 


0.6 


TO- 


-39 


— 


— 


— 


2N6782 


100 


0.6 


TO- 


-39 








2N6783 


150 


1.5 


TO- 


-39 


— 






2 N 6784 


200 


1.5 


TO- 


-39 


— 








^n 
oou 


T ft 
o.O 


TO- 


-39 








2N6786 


400 


3.6 


TO- 


-39 






— 


2N6787 


60 


0.3 


TO- 


-39 








2N6788 


100 


0.3 


TO- 


-39 








2N6789 


150 


0.8 


TO- 


-39 








2N6790 


200 


0.8 


TO- 


-39 








2N6791 


350 


1.8 


TO- 


-39 








2N6792 


400 


1.8 


TO- 


-39 








2N6793 


450 


3.0 


TO 


-39 








2N6794 


500 


3.0 


TO 


-39 








2N6795 


60 


0.18 


TO 


-39 


















*Product family available 


by March 1983 



Siliconix 
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2N6796 


100 


0.18 


TO-39 


— 


I — 


— 


2N6797 


150 


0.4 


TO-39 


— 


— 


— 


c. i n o i yo 




n a 


I U OS 








2N6799 


350 


1.0 


TO-39 








2N6800 


400 


1.0 


TO-39 








2N6801 


450 


1.5 


TO-39 








2N6802 


500 


1.5 


TO-39 








INTERSIL 


IVN5000AND 


40 


2.5 


TO-237 


— 


— 


— 


IVN5000ANE 


60 


2.5 


TO-237 


— 


— 


■ 


IVN5000ANF 


80 


2.5 


TO-237 


— 


— 


— 


IVN5000ANH 


100 


2.5 


TO-237 





— 





IVN5000SND 


40 


2.5 


TO-52 





— 


. 


IVN5000SNE 


60 


2.5 


TO-52 


_ 








IVN5000SNF 


80 


2.5 


TO-52 





— 





IVN5000SNH 


100 


2.5 


TO-52 











IVN5000TND 


40 


2.5 


TO-39 











IVN5000TNE 


60 


2.5 


TO-39 











IVN5000TNF 


80 


2.5 


TO-39 











IVN5000TNH 


100 


2.5 


TO-39 











IVN5001AND 


40 


2.5 


TO-237 











IVN5001ANE 


60 


2.5 


TO-237 


— 








IVN5001ANF 


80 


2.5 


TO-237 


— 


— 


; 


IVN5001ANH 


100 


2.5 


TO-237 


— 








IVN5001SND 


40 


2.5 


TO-52 











IVN5001SNE 


60 


2.5 


TO-52 











IVN5001SNF 


80 


2.5 


TO-52 


— 







IVN5001SNH 


100 


2.5 


TO-52 







_ ■ , 


IVN5001TND 


40 


2.5 


TO-39 










IVN5001TNE 


60 


2.5 


TO-39 


— 





_ 


IVN5001TNF 


80 


2.5 


TO-39 











IVN5001TNH 


100 


2.5 


TO-39 











IVN5200HND 


40 


0.5 


TO-66 








_ 


IVN5200HNE 


60 


0.5 


TO-66 




— 





IVN5200HNF 


80 


0.5 


TO-66 











IVN5200HNH 


100 


0.5 


TO-66 











IVN5200KND 


40 


0.5 


TO-3 


IRF123 


60 


0.4 


IVN5200KNE 


60 


0.5 


TO-3 


IRF123 


60 


0.4 


IVN5200KNF 


80 


0.5 


TO-3 


IRF122 


100 


0.4 


IVN5200KNH 


100 


0.5 


TO-3 


IRF122 


100 


0.4 


IVN5200TND 


40 


0.5 


TO-39 


IRFF123 


60 


0.4 


IVN5200TNE 


60 


0.5 


TO-39 


IRFF123 


60 


0.4 


IVN5200TNF 


80 


0.5 


TO-39 


IRFF122 


100 


0.4 


IVN5200TNH 


100 


0.5 


TO-39 


IRFF122 


100 


0.4 


IVN5201CND 


40 


0.5 


TO-220 


IRF523 


60 


0.4 


IVN5201CNE 


60 


0.5 


TO-220 


IRF523 


60 


0.4 


IVN5201CNF 


80 


0.5 


TO-220 


IRF522 


100 


0.4 


IVN5201CNH 


100 


0.5 


TO-220 


IRF522 


100 


0.4 


IVN5201HND 


40 


0.5 


TO-66 




— 




IVN5201HNE 


60 


0.5 


TO-66 


— 


— 


— 


IVN5201HNF 


80 


0.5 


TO-66 











IVN5201HNH 


100 


0.5 


TO-66 











IVN5201KND 


40 


0.5 


TO-3 


IRF123 


60 


0.4 


IVN5201KNE 


60 


0.5 


TO-3 


IRF123 


60 


0.4 


IVN5201KNF 


80 


0.5 


TO-3 


IRF122 


100 


0.4 


IVN5201KNH 


100 


0.5 


TO-3 


IRF122 


100 


0.4 


IVN5201TND 


40 


5 


TO-39 


IRF123 


60 


4 


IVN5201TNE 


60 


0.5 


TO-39 


IRF123 


60 


0.4 


IVN5201TNF 


80 


0.5 


TO-39 


IRF122 


100 


0.4 


IVN5201TNH 


100 


0.5 


TO-39 


IRF122 


100 


0.4 


IVN6000CNS 


400 


3.5 


TO-220 


IRF722 


400 


2.5 


IVN6000CNT 


450 


3.5 


TO-220 


IRF821 


450 


3.0 


IVN6000CNU 


500 


4.0 


TO-220 


IRF822 


500 


4.0 


IVN6000KNR 


350 


3.0 


TO-3 


IRF323 


350 


2.5 


IVN6000KNS 


400 


3.0 


TO-3 


IRF322 


400 


2.5 


IVN6000KNT 


450 


3.0 


TO-3 


IRF421 


450 


3.0 - 


IVN6000KNU 


500 


4.0 


TO-3 


IRF422 


500 


4.0 


IVN6100TNS 


400 


15.0 


TO-39 








IVN6100TNT 


450 


15.0 


TO-39 
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Siliconix 



MOSPOWER Cross Reference List (Cont'd) 



INTERSIL (Cont'd) 











industry 
Part No. 


BVDSS 
(Volts) 


rDS(on) 
(Ohms) 


Package 


Siliconix 
Equivalent 


BVqsS 
(Volts) 


rDS(on 
(Ohms 


I 


IVlNDlUU 1 NU 






T0- 












10.U 


■39 


— 


— 


— 


i\/Mconn/"" 4 M r\ 


4U 


n ok 


T0- 


220 


VN0401D 


40 


0.15 


ix/kicinn^ki c 
1 VNb2UUL«Nb 


bu 


A OK 


TO- 


220 


IRF533 


60 


0.25 


lVNb2UUUNr 


80 


U.<:D 


TO- 


220 


VN0801D 


80 


0.25 


IVNb2UUONn 


1UU 


A OK 


TO- 


220 


VN1001D 


100 


0.25 


i\/m conn/^M KA 


onn 


n k 


TO- 


220 


IRF630 


200 


0.4 


i\/m corio^M D 
IVNb2UUONr 


ZOU 


n k 


TO- 


220 


— 


— 


— 


1 VNb200CNR 


395 


2.5 


TO- 


220 


VN4001D 


400 


1.5 


IVN6200CNS 


400 


1.5 


TO- 


220 


VN4001D 


400 


1.5 


IVN6200CNT 


450 


1.5 


TO- 


220 


VN4501D 


450 


1.5 


IVN6200CNU 


500 


2.0 


TO- 


220 


VN5001D 


500 


1.5 


IVN6200KND 


40 


0.25 


TO- 


3 


VN0401A 


40 


0.15 


IVN6200KNE 


60 


0.25 


TO- 


3 


IRF133 


60 


0.25 


IVN6200KNF 


80 


0.25 


TO- 


3 


VN0801A 


80 


0.25 


IVN6200KNH 


100 


0.25 


TO- 


■3 


VN1001A 


100 


0.25 


IVN6200KNM 


200 


0.5 


TO- 


3 


IRF230 


200 


0.4 


IVN6200KNP 


250 


0.5 


TO- 


3 


— 


- — 


— . ' 


IVN6200KNS 


!2n 


1.5 


T0- 


3 


VN4001A 


400 


1.5 


IVN6200KNT 


450 


1.5 


TO- 


3 


VN4501A 


450 


1.5 


.VN6200KNU 


500 


2.0 


TO- 




VN5000A 


500 


1.5 


l \ / k IfO AA A It 1 1 — 

IVN6300ANE 


60 




TO- 


237 


VN2222LM 


60 


7.5 


l\fkirOAA A k 1 F" 

IVN6300ANF 


80 


7K 

7.5 


TO- 


237 


— 


— 


— 


IVN6300ANH 


100 


7.5 


TO- 


•237 


— 


— 




h / MTOAA A kill 

IVN6300ANM 


200 


25.0 


1 \J- 




VN2410M 


240 




IVN6300ANP 


250 


25.0 


TO- 


237 


VN2410M 


240 


10.0 


IVN6300ANS 


400 


75.0 


TO- 


•237 


— 


— 




IVN6300ANT 


450 


75.0 


TO- 


237 








IVN6300ANU 


500 


75.0 


TO- 


237 








IVN6300SNE 


60 


7.5 


TO- 


•52 


VN10LE 


60 


5.0 


IVN6300SNF 


80 


7.5 


TO- 


■52 








IVN6300SNH 


100 


7.5 


TO- 


•52 








IVN6300SNM 


200 


25.0 


TO- 


■52 








IVN6300SNP 


250 


25.0 


TO- 


■52 








IVN6300SNS 


400 


75.0 


TO- 


■52 








IVN6300SNT 


450 


75.0 


TO- 


■52 








IVN6300SNU 


500 


75.0 


TO- 


-52 









MOTOROLA 



MTM1N95 


950 


10.0 


TO-3 








MTM1N100 


1000 


10.0 


TO-3 








MTM2N45 


450 


4.0 


TO-3 


IRF423 


450 


4.0 


MTM2N50 


500 


4.0 


TO-3 


IRF422 


500 


4.0 


MTM2N85 


850 


8.0 


TO-3 








MTM2N90 


900 


8.0 


TO-3 








MTM3N35 


350 


3.3 


TO-3 


IRF323 


350 


2.5 


MTM3N40 


400 


3.3 


TO-3 


IRF322 


400 


2.5 


MTM3N55 


550 


2.5 


TO-3 








MTM3N60 


600 


2.5 


TO-3 












2.0 


TO-3 


VN4502A 


450 


2.0 


MTM4N45 


450 


MTM4N50 


500 


2.0 


TO-3 


VN5002A 


500 


2.0 


MTM5N35 


350 


1.5 


TO-3 


VN3501A 


350 


1.5 


MTM5N40 


400 


1.5 


TO-3 


VN4001A 


400 


1.5 


MTM6N55 


550 


1.5 


TO-3 








MTM6N60 


600 


1.5 


TO-3 








MTM7N45 


450 


1.2 


TO-3 


IRF443 


450 


1.1 


MTM7N50 


500 


1.2 


TO-3 


IRF442 


500 


1.1 


MTM8N12 


120 


0.5 


TO-3 








MTM8N15 


150 


0.5 


TO-3 








MTM8N18 


180 


0.4 


TO-3 




_ 




MTM8N20 


200 


0.4 


TO-3 








MTM8N35 


350 


0.8 


TO-3 


IRF343 


350 


0.8 


MTM8N40 


400 


0.8 


TO-3 


IRF342 


400 


0.8 


MTM10N08 


80 


0.33 


TO-3 


IRF120 


100 


0.3 


MTM10N10 


100 


0.33 


TO-3 


IRF120 


100 


0.3 


MTM10N12 


120 


0.3 


TO-3 








MTM10N15 


150 


0.3 


TO-3 








MTM12N05 


50 


0.2 


TO-3 


VN0601A 


60 


0.15 


MTM12N06 


60 


0.2 


TO-3 


VN0601A 


60 


0.15 


MTM12N08 


80 


0.25 


TO-3 


VN0801A 


80 


0.25 


MTM12N10 


100 


0.25 


TO-3 


VN1001A 


100 


0.25 
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MOSPOWER Cross Reference List (Cont'd) 





MOTOROLA (Cont'd) 



Industry 


bvdss 


rDS(on) 


Package 


Siliconix 


bvdss 


rDS(on) 


Part No. 


(Volts) 


(Ohms) 


Equivalent 


(Volts) 


(Ohms) 






MTM15N05 


50 


0.16 


TO-3 


VN0601A 


60 


0.15 


MTM15N06 


60 


0.16 


TO-3 


VN0601A 


60 


15 

04 
^ ■ — 


MTM15N35 


350 


0.4 


TO-3 


IRF353 


350 


MTM15N40 


400 


0.4 


TO-3 


IRF352 


400 


4 


MTM15N45 


450 
500 


0.5 


TO-3 


IRF453 


450 


0.5 


MTM15N50 


0.5 


TO-3 


IRF452 


500 


0.5 


MTM2P45 


450 


6.0 


TO-3 








MTM2P50 


500 


6.0 


TO-3 








MTM814 


80 


0.4 


TO-3 




MTM815 


100 


0.4 


TO-3 








MTP1N95 


950 


10.0 


TO-220 








MTP1N100 


1000 


10.0 


TO-220 






450 

.500 




MTP2N45 


450 


4.0 


TO-220 


IRF823 


4.0 


MTP2N50 


500 


4.0 


TO-220 


IRF822 


4.0 


MTP2N85 


850 


8.0 


TO-220 








MTP2N90 


900 


8.0 


TO-220 








MTP3N35 


350 


3^3 


TO-220 


IRF723 


350 


2 5 


MTP3N40 


400 


3:3 


TO-220 


IRF722 


400 


2.5 


MTP3N55 


550 


2.5 


TO-220 




■ 




MTP3N60 


600 


2 5 


TO-220 








MTP4N45 

IVI 1 i *rl ItJ 


450 


2 


TO-220 


VN4502D 


450 


2.0 


MTP4N50 

ivi i rii n \J\j 


500 


2.0 


TO-220 


VN5002D 


500 


2 


M 1 roNOO 


JoU 


\ .0 




VNJDUl U 




15 


MTP5N40. 

IVI 1 I Jll "TV 


400 


1 5 


TO-220 


VN4001D 


400 


MTP6N55 


550 


rS 


TO-220 


r 




enF &,r. 


MTP6N60 

IVI 1 r UliUU 


600 


1.5 


TO-220 








MTP7N45 

IV! 1 I ' n 


450 


£2 


TO-220 


IRF843 


450 


i;i '!-■ 


ivi i r ( ii jv 


500 


1.2 


TO-220 


IRF842 


500 


T if.. 


ivi i roi ^ i £- 


120 


0.5 


TO-220 






ivi i rui'i i \j 


150 


0.5 


TO-220 








MTP8N18 

ivi i ruii iu 


180 


4 


TO-220 






HM^. f'A. ■ 1 


MTP8N20 

IVI 1 1 Ul N £-\J 


200 


0.4 


TO-220 








ivi i roiuj 


350 


0.8 


TO-220 


IRF743 


350 


0.8 


ivi i r ui i 


400 


8 


TO-220 


IRP742 


400 


8 

6.3 


MTP10N08 


80 


0^33 


TO-220 


IRF520 


100 


MTP10N10 


100 


0.33 


TO-220 


IRF520 


100 


0.3 


MTP10N12 


120 


0.3 


TO-220 








MTP10N15 
MTP12N05 


150 
50 


0.3 
0.2 


TO-220 
TO-220 








VN0601D 


60 


0.15 ' 


MTP12N06 


60 


0.2 


TO-220 


VN0601D 


60 


0.15 


MTP12N08 


80 


0.25 


TO-220 


VN0801D 


80 


0.25 


MTP12N10 


100 


0.25 


TO-220 


VN1001D 


100 


0.25 


MTP15N05 


50 


0.16 


TO-220 


VN0601D 


60 


0.15 


MTP15N06 


60 


0.16 


TO-220 


VN0601D 


60 


0.15 


MTP2P45 


450 


6.0 


TO-220 








MTP2P50 


500 


6.0 


TO-220 








MTP814 


80 


0.4 


TO-220 


— 






MTP815 


100 


0.4 


TO-220 









RCA 



RCA-9213A 


100 


2.5 


TO- 


■220 








RCA-9213B 


150 


2.5 


TO- 


-220 








RCA-9196A 


100 


2.5 


TO- 


■39 








RCA-9196B 


150 


2.5 


TO- 


-39 








RCA-9212A 


100 


0.3 


TO- 


-220 


IRF520 


100 


0.3 


RCA-9212B 


150 


0.3 


TO- 


-220 








RCA-9192A 


100 


0.3 


TO- 


-3 


IRF120 


100 


0.3 


RCA-9192B 


150 


0.3 


TO- 


-3 








RCA-9230A 


100 


0.15 


TO- 


-220 


IRF542 


100 


0J1 


RCA-9230B 


150 


0.15 


TO- 


-220 








RCA-9195A 


100 


0.15 


TO- 


-3 


IRF142 


100 


oTTi 


RCA-9195B 


150 


0.15 


TO-3 








SIEMENS 
















BUZ 10 


50 


0.10 


TO- 


-220 


IRF541 


60 


0.085 


BUZ 11 


50 


0.04 


TO- 


■220 









































Siliconix 



MOSPOWER Cross Reference List (Cont'd) 


SIEMENS (Cont'd) 


Industry 

Pari Nn 
ran nv. 


BVncc 

(VOllS) 




Package 


Siliconix 


BVnQQ 
(volts; 


1 Uo(On) 

//"It, m _ \ 


BUZ 14 


50 


0.04 


TO-3 











BUZ 15 


50 


0.03 


TO-3 


. 








BUZ 20 


100 


0.20 


TO-220 


VN1000D 


100 


0.18 


BUZ 21 


100 


0.10 


TO-220 


IRF522 


100 


0.4 


BUZ 23 


100 


0.20 


TO-3 


VN1000A 


100 


0.18 


BUZ 24 


100 


0.06 


TO-3 








BUZ 25 


100 


0.10 


TO-3 


IRF540 


100 


0.085 


BUZ 30 


200 


0.75 


TO-220 


IRF632 


200 


0.6 


BUZ 31 


200 


0.20 


TO-220 


IRF640 


200 


0.18 


BUZ 33 


200 


0.75 


TO-3 


IRF232 


200 


0.6 


BUZ 34 


200 


0.20 


TO-3 


IRF240 


200 


0.18 


BUZ 40 


500 


4.5 


TO-220 


IRF822 


500 


4.0 


BUZ 41 


500 


1.1 


TO-220 


IRF842 


500 


1.1 


BUZ 43 


500 


4.5 


TO-3 


IRF422 


500 


4.0 


BUZ 44 




1.1 


TO-3 


IRF442 


500 


1.1 


BUZ 45 


500 


0.6 


TO-3 


IRF452 


500 


0.5 


BUZ 50 


1000 


3 5 


TO-220 









BUZ 53 


1000 


3.5 


TO-3 


— 


] — 


— 


BUZ 54 


1000 


2 


TO-3 




o> — 




BUZ 80 


800 


2.6 


TO-220 










BUZ 83 


800 


2.6 


TO-3 











BUZ 84 


800 


1.3 


TO-3 











SONY 














2SJ54 


- 210 


1.0 


TO-220 


— 


, 

— 




2SK173 


210 


1.0 


TO-220 


IRF232 


200V 


0.6 


ci ipcpTCY 














VN0104N1 


40 


4 


TO-3 


VN67AA 


60 


3.5 


VN0104N2 


40 


4.0 


TO-39 


VN67AB 


60 


3.5 


VN0104N3 


40 


4.0 


TO-92 








VN0104N4 


40 


4.0 


TO-202 


VN46AF 


40 


3.0 


VN0104N5 


40 


4.0 


TO-220 


VN46AD 


40 


3.0 


VN0104N6 


40 


4.0 


DIP 


VQ1004J** 


60 


3 5 


VN0106N1 


60 


4.0 


TO-3 


VN67AA 


60 


3.5 


VN0106N2 


60 


4.0 


TO-39 


VN67AB 


60 


3.5 


VN0106N3 


60 


4.0 


TO-92 








VN0106N4 


60 


40 


TO-202 


VN67AF 


60 


3.5 


VN0106N5 


60 


4.0 


TO-220 


VN67AD 


60 


3.5 


VN0106N6 


60 


4.0 


DIP 


VQ1004J** 


60 


3.5 


VN0108N1 


80 


4.0 


TO-3 


2N6658 


90 


4.0 


VN0108N2 


80 


4.0 


TO-39 


2N6661 


90 


4.0 


VN0108N3 


80 


4.0 


TO-92 








VN0108N4 


80 


4.0 


TO-202 


VN88AF 


80 


4.0 


VN0108N5 


80 


4.0 


TO-220 


VN88AD 


80 


4.0 


VN0108N6 


80 


4.0 


DIP 


VQ1006J** 


90 


4 5 


VN0109N1 


90 


4.0 


TO-3 


2N6658 


90 


4.0 


VN0109N2 


90 


4 


TO-39 


2N6661 


90 


4.0 


VN0109N3 


90 


4.0 


TO-92 








VN0109N4 


90 


4.0 


TO-202 








VN0109N5 


90 


4.0 


TO-220 









VN0109N6 


90 


4.0 


DIP 


VQ1006J" 


90 


4.5 


VN0204N1 


40 


2.0 


TO-3 








VN0204N2 


40 


2.0 


TO-39 









VN0204N5 


40 


2.0 


TO-220 








VN0204N6 


40 


2.0 


DIP 








VN0206N1 


60 


2.0 


TO-3 








VN0206N2 


60 


2.0 


TO-39 









VN0206N5 


60 


2.0 


TO-220 










VN0206N6 


60 


2.0 


DIP 





— 





VN0208N1 


80 


2.0 


TO-3 






— 


VN0208N2 


80 


2.0 


TO-39 









VN0208N5 


80 


2.0 


TO-220 








VN0208N6 


80 


2.0 


DIP 








VN0209N1 


90 


2.0 


TO-3 








VN0209N2 


90 


2.0 


TO-39 








VN0209N5 


90 


2.0 


TO-220 








VN0209N6 


90 


2.0 


DIP 








VN0330N1 


300 


3.0 


TO-3 


IRF323 


350 


2.5 


VN0330N2 


300 


3.0 


TO-39 
















** Refer to data 


sheet for pinout 


differences 



s 

8 

3 

m 
X) 

O 



1-19 



ran iiu. 


\¥Oll»; 


(vn 




— i 


* r 




VN0330N5 


300 


3.0 


TO-220 


IRF723 


350 


2.5 


VN0335A1 


350 


1.0 


TO-3 


VN3500A 


350 


1.0 


VN0335N1 


350 


3.0 


TO-3 


IRF323 


350 


2.5 


VN0335N2 


350 


3 


TO-39 








VN0335N5 


350 


3.0 


TO-220 


IRF723 


350 


2.5 


VN0340A1 


400 


1.0 


TO-3 


VN4000A 


400 


1 


VN0340N1 


400 


3.0 


TO-3 


IRF322 


400 


2.5 


VN0340N2 


400 


3.0 


TO-39 








VN0340N5 


400 


3.0 


TO-220 


IRF722 


400 


2.5 


VN0345A1 


450 


1.0 


TO-3 


IRF441 


450 


85 


VN0345N1 


450 


3.0 


TO-3 


IRF421 


450 


3.0 


VN0345N2 


450 


3.0 


TO-39 








VN0345N5 


450 


3.0 


TO-220 


IRF821 


450 


3.0 


VN0350A1 


500 


1.0 


TO-3 


IRF440 


500 


1.0 


VN0430N1 


300 


0.8 


TO-3 


IRF343 


350 


0.8 


VN0435N1 


350 


0.8 


TO-3 


IRF343 


350 


0.8 


VN0440N1 


400 


0.8 


TO-3 


IRF342 


400 


0.8 


VN0445N1 


450 


0.8 


TO-3 


IRF441 


450 


0.85 


VN1204N1 


40 


0.4 


TO-3 


IRF123 


60 


0.4 


VN1204N2 


40 


0.4 


TO-39 


IRFF123 


60 


0.4 


VN1204N5 


40 


0.4 


TO-220 


IRF523 


60 


0.4 


VN1206N1 


60 


0.4 


TO-3 


IRF123 


60 


0.4 


VN1206N2 


60 


0.4 


TO-39 


IRFF123 


60 


0.4 


VN1206N5 


60 


0.4 


TO-220 


IRF523 


60 


0.4 


VN1208N1 


80 


0.4 


TO-3 


IRF122 


100 


0.4 


VN1208N2 


80 


0.4 


TO-30 


IRFF122 


100 


0.4 


VN1208N5 


80 


0.4 


TO-220 


IRF522 


100 


0.4 


VN1209N1 


90 


0.4 


TO-3 


IRF122 


100 


0.4 


VN1209N2 


90 


0.4 


TO-39 


IRFF122 


100 


0.4 


VN1209N5 


90 


0.4 


TO-220 


IRF522 


90 


0.4 


VN1304N2 


40 


10.0 


TO-39 


VN90AB 


60 


5.0 


VN1304N3 


40 


10.0 


TO-92 


VN2222L 


60 


7.5 


VN1304N6 


40 


10.0 


DIP 


VQ1000J** 


90 


5.5 


VN1306N2 


60 


10.0 


TO-39 


VN90AB 


60 


5.0 


VN1306N3 


60 


10.0 


TO-92 


VN2222L 


60 


7.5 


VN1306N6 


60 


10.0 


DIP 


VQ1000J** 


90 


5.5 


VN1308N2 


80 


10.0 


TO-39 


VN90AB 


90 


5.0 


VN1308N3 


80 


10.0 


TO-92 








VN1308N6 


80 


10 


DIP 


VQ1006J** 


90 


4.5 


VN1309N2 


90 


10.0 


TO-39 


VN90AB 


90 


5.0 


VN1309N3 


90 


10.0 


TO-92 








VN1309N6 


90 


10.0 


DIP 


VQ1006J** 


90 


4.5 


VP0104N1 


-40 


8.0 


TO-3 








VP0104N2 


-40 


8 


TO-39 


VP0808B 


-60 


5.0 


VP0104N3 


-40 


8 


TO-92 


VP0808L 


-60 


5.0 


VP0104N5 


-40 


8.0 


TO-220 








VP0104N6 


-40 


8.0 


DIP 








VP0106N1 


-60 


8.0 


TO-3 








VP0106N2 


-60 


8.0 


TO-39 


VP0808B 


-60 


5.0 


VP0106N3 


-60 


8^0 


TO-92 


VP0808L 


-60 


5.0 


VP0106N5 


-60 


8^0 


TO-220 








VP0106N6 


-60 


8.0 


DIP 








VP0108N1 


-80 


8.0 


TO-3 








VP0108N2 


-80 


8.0 


TO-39 


VP0808B 


-80 


5.0 


VP0108N3 


-80 


8.0 


TO-92 


VP0808L 


-80 


5.0 


VP0108N5 


-80 


8.0 


TO-220 








VP0108N6 


-80 


8.0 


DIP 








VP0109N1 


-90 


8.0 


TO-3 








VP0109N2 


- 90 


8.0 


TO-39 


VP1008B 


- 100 


5 


VP0109N3 


-90 


8.0 


TO-92 


VP1008L 


- 100 


5.0 


VP0109N5 


-90 


8.0 


TO-220 








VP0109N6 


-90 


8 


DIP 










VP0204N1 


-40 


4.0 


TO-3 










VP0204N2 


-40 


4.0 


TO-39 











VP0204N5 


-40 


4.0 


TO-220 










VP0204N6 


-40 


40 


DIP 










VP0206N1 


-60 


4.0 


TO-3 











VP0206N2 


-60 


4.0 


TO-39 








VP0206N5 


-60 


4.0 


TO-220 








VP0206N6 


-60 


4.0 


DIP 








VP0208N1 


-80 


4.0 


TO-3 









"Refer to data sheet for pinout differences 
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Siliconix 



MOSPOWER Cross Reference List (Cont'd) 



SUPERTEX (Cont'd) 



Industry 


BVdsS 


r DS(on) 


Package 


Slllconix 


BVdsS 


r DS(on) 


Part No. 


(Volts) 


(Ohms) 


Equivalent 


(Volts) 


(Ohms) 


VP0208N2 


-80 


4.0 


TO-39 


— 


— 


— 


VP0208N5 


-80 


4.0 


TO-220 


— 


— 


— 


VP0208N6 


-80 


4.0 


DIP 


— 


— 


— 


VP0209N1 


-90 


4.0 


TO-3 


— 


— 


— 


VP0209N2 


-90 


4.0 


TO-39 


— 


— 


— 


VP0209N5 


-90 


4.0 


TO-220 


— 


— 


— 


VP0209N6 


-90 


4.0 


DIP 




— 


— 


VP1204N1 


— 40 


0.8 


TO-3 


IRF9 133 


- 60 


0.4 


VP1204N2 


-40 


0.8 


TO-39 








VP1204N5 


-40 


0.8 


TO-220 


IRF9523* 


-60 


0.8 


VP1206N1 


-60 


0.8 


TO-3 


IRF9133* 


-60 


0.4 


VP1206N2 


-60 


0.8 


TO-39 








VP1206N5 


-60 


0.8 


TO-220 


IRF9523* 


-100 


0.8 


VP1208N1 


-80 


0.8 


TO-3 


IRF9132* 


-100 


0.4 


VP1208N2 


-80 


0.8 


TO-39 








VP1208N5 


-80 


0.8 


TO-220 


IRF9522* 


-100 


0.8 


VP1209N1 


-90 


0.8 


TO-3 


IRF9132* 


-100 


0.4 


VP1209N2 


-90 


0.8 


TO-39 








VP1209N5 


-90 


0.8 


TO-220 


IRF9522* 


-100 


0.8 
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Advanced Information 



These power FETs are designed especially for offline switching regulators, power 
converters, solenoid and relay drivers. 



FEATURES 

■ No Second Breakdown 

■ High Input Impedance 

■ Internal Drain-Source Diode 

■ Very Rugged: Excellent SOA 

■ Extremely Fast Switching 

BENEFITS 

■ Reduced Component Count 

■ Improved Performance 

■ Simpler Designs 

■ Improved Reliability 



Product Summary 



Part 
Number 


BV DSS 


R OS(ON| 


lo 


Package 


IRFF120 


100 V 


0.30O 


6A 




IRFF121 


60V 


TO-39 


IRFF122 


ioov 


0.40Q 


5A 


1RFF123 


60V 





ABSOLUTE MAXIMUM RATINGS (T c = 25°C unless otherwise noted) 



Drain-Source Voltage 

IRFF120.IRFF122 100V 

IRFF121.IRFF123 60V 

Drain-Gate Voltage 

IRFF120.IRFF122 100V 

IRFF121.IRFF123 60V 

Drain Current Continuous 1 

IRFF120.IRFF121 ± 6A 

IRFF122.IRFF124 + 5A 

Pulsed 2 . ± 24A 



Gate Current (Peak) ± 3A 

Gate Source Voltage ± 40V 

Total Power Dissipation 20W 

Linear Derating Factor 0.16W/°C 

Storage and Junction 

Temperature -55° C to +150° C 

Notes: 

1. Limited by package dissipation. 

2. Pulse test— 80/js to 300jis, 1% duty cycle. 



PACKAGE DIMENSIONS 




PIN 1 - Source 

PIN 2 - Gats 

PIN 3 * CASE - Drain 




TO-39 



2-0 



ELECTRICAL CHARACTERISTICS (Tc=25°C unless otherwise noted) 

| Part Number | Mln | TVp | Max | Unit | 



IZ 



Test Conditions 



2 
ro 
o 



3 

ro 



2 
ro 
ro 

■ 

-n 

2 

ro 



Static 



bvdss 


Drain-Source Breakdown 


IRFF 120 
IRFF 122 


100 






V 


V GS = 0,, D = 250,A 


IRFF 121 
IRFF 123 


60 






v GS(th) 


Gate Threshold Voltage 


All 


2 




4 


V 


Vqs = Vds. Id = 1mA 


Igss 


Gate Body Leakage 


All 






±100 


nA 


V GS =±20V, V DS = 


Idss 


Zero Gate Voltage Drain 


All 




0.1 


0.25 


mA 


V DS = Rated V ds ,Vq S = 


Current 






0.2 


1 


V DS = Rated V DS , V GS = 0, T c = 125°C 


fDS(on) 


Drain-Source On 
Resistance 


IRFF 120 
IRFF 121 




0.25 


0.30 


8 


V QS = 10V, l D = 3A(Note1) 


IRFF 122 
IRFF 123 




0.30 


0.40 


'Dion) 


On-State Drain Current 


All 


6 






A 


V DS = 15V,V G s = 10V(Note1) 


Dynamic 


Sfs 


Forward Transconductance 


All 


1.5 


2.5 




S 


V D s = 25V,l DS = 3A(N0te1) 


C|ss 


Input Capacitance 


All 




450 


600 


pF 


Vqs = 0. V DS = 25V,f = 1MHz 


Crss 


Reverse Transfer 
Capacitance 


All 




50 


100 


C oss 


Common-Source Output 
Capacitance 


All 




200 


400 


'd(on) 


Turn-On Delay Time 


All 




20 


40 


ns 


V DD = 30V, l D =3A, R L = 102, R g = 10S 
(Figure 1) 


tr 


Rise Time 


All 




35 


70 


<d(off) 


Turn-Off Delay Time 


All 




50 


100 


tf 


Fall Time 


All 




35 


70 


Drain-Source Diode Characteristics 


V S D 


Forward ON Voltage 


All 




-2.5 




V 


ls= -6 A, V GS = 0(Note 1) 


trr 


Reverse Recovery Time 


All 




150 




ns 


l F = -6A, V GS = 0, di/dt = 100 A/ M s 
(Figure 2) 



TEST CIRCUITS 

FIGURE 1 Switching Test Circuit 



FIGURE 2 Reverse Recovery Test Circuit 
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9 O 
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~i i 



PULSE 



1 



-Wr 



. "9 



± 
1 

J 



-O v 



(_* .5TO50JJF 
IN4933 ] I J-_ 1(PK)Ad|l»t 



-p c s 



! CIRCUIT "=T I 
1 UNDER 
|_GENERATORj |_TESJ_ 

P.W. - 1 jii C- < 50 pF 

DUTY CYCLE "1% 



dl/dl Adjust 
(1 -27uH) 




coco 

CM CM 

u_ u_ 

CX. 



as 

LL. U_ 

ex. ex 



CM CM 

LL. LL. 
■ ■ 

OO 
CM CM 

LL. LL. 



IRF120 ■ IRF121 ■ IRF122 ■ IRF123 
IRF520 ■ IRF521 ■ IRF522 ■ IRF523 



100V 



N-Channel Enhancement Mode 

MOSPOWER 



B 

Siliconix 

Advanced Information 



These power FETs are designed especially for off-line switching regulators, converters, 



solenoid and relay drivers. 

FEATURES 

■ High Voltage 

■ No Second Breakdown 

■ High Input Impedance 

■ Internal Drain-Source Diode 

■ Very Rugged: Excellent SOA 

■ Extremely Fast Switching 

BENEFITS 

■ Reduced Component Count 

■ Improved Performance 

■ Simpler Designs 

■ Improved Reliability 



Product Sumrr 



lary 



Part 
Number 


BV DSS 


R DS<ON) 


Id 


Package 




IRF120 


100V 


0.30D 


8A 


TO-3 


IRF121 


60V 


IRF122 


100 V 










0.40Q 


7A 




IRF123 


60V 


IRF520 


100V 












0.30Q 


8A 




IRF521 


60V 










TO-220AB 


IRF522 


100V 










0.40O 

, 


7A 




IRF523 


60V 



D 
^ O 



ABSOLUTE MAXIMUM RATINGS (Tc = 25°C unless otherwise noted) 

Drain Current 

Pulsed (80ns to 300(/s, 1 % duty cycle) ±3aA 

Gate Current (Peak) ± 3A 



Drain-Source Voltage 

IRF120, 122, 520, 522 100V 

IRF121. 123, 521, 523 60V 

Drain-Gate Voltage 

IRF120, 122, 520, 522 : 100V 

IRF121, 123, 521,523 60V 

Drain Current Continuous 

IRF120,121,520,521 ±8A 

IRF122,123,522,523 ±7A 



Gate-Source Voltage ±40V 

Total Power Dissipation 40 W 

Linear Derating Factor 0.32 W/°C 

Operating and Storage 
Temperature -55°C to + 150°C 

- 



PACKAGE DIMENSIONS 

0.875 

r 122.225) *A 
MAX 



0.450 
0.250 



111*31 
16.35) 




0.44O I!! 176) J 

0.420 < 10 668) 



PIN 1 — Gate 
PIN 2 - Source 
CASE - Drain 



BOTTOM VIEW l , 3335) 

TO-3 



0-161 f*0fi9J 
0.151 I3.B3SI 
R MAX 




PIN 1 — Gate 
PIN 2 & TAB — Drain 
PIN 3 — Source 



ELECTRICAL CHARACTERISTICS (Tc=25°C unless otherwise noted) 



Parameter 


Part 
Number 


Min 


Typ 


Max 


Unit 


Test Conditions 


Static 


Drain-Source Breakdown 
BV ° SS Voltage 


IRF120, 520 
IRF122, 522 


100 






V 


V GS = n , l D = 250)iA 


IRF121, 521 
IRF123, 523 


60 






V GS „ h | Gate Threshold Voltage 


All 


2.0 




4.0 


V 




Vds=V gs , l D =1 mA 


l GSS Gate-Body Leakage 


All 






±100 


nA 


V GS = ±20V, V os = 


Zero Gate Voltage Drain 
DSS Current 


All 






U.4CO 


mA 


v ds — naieo Yog. Vqs — u 




0.2 


1.0 


V DS = Rated V DS , V GS = 0, T c = 125°C 


'D(on) On-State Drain Current 


All 


8.0 






A 


V DS = 25V,V QS = 10V (Note 1) 


Static Drain-Source On-State 
fDS(on » Resistance 


IRF120, 121 
IRF520, 521 




0.25 


0.30 





V GS = 10V, l D = 4A(Note 1) 


IRF122, 123 
IRF522, 523 




0.30 


0.40 


Dynamic 


g fs Forward Transconductance 


All 


1.5 


2.5 




s 


V DS = 25V, l D = 4A(Note 1) 


C, ss Input Capacitance 


All 




450 


600 


pF 


V GS = 0, V DS = 25 V, f = 0.1 M Hz 


C oss Output Capacitance 




200 


400 


C, ss Reverse Transfer Capacitance 




50 


100 


Wm Turn-On Delay Time 


All 




20 


40 


ns 


V DD =30V, l D = 4A. R L = 72, R g = 25Q 
(Figure 1) 


t r Rise Time 


All 




35 


70 


'dioifi Turn-Off Delay Time 


All 




50 


100 














t| Fall Time 


All 




35 


70 


Drain-Source Diode Characteristics 


V SD Forward On Voltage 


All 




-1.9 




V 


l s = -8A (Note 1) 


t r , Reverse Recovery Time 


All 




150 




ns 


l F = -8A, V GS = 0, di/dt = 100A/fiS (Fig. 2) 



XJX3 
Tl Tl 
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Note 1: Pulse test — 80 ^s to 300 its, 1% duty cycle 

TEST CIRCUITS 

FIGURE 1 Switching Test Circuit 



FIGURE 2 JEDEC Reverse Recovery Circuit 




O v 



-Wv- 



CIHCUIT _ 
PULSE ' 1 UNDER 
|_GENERATORj |_2 E 5J_ 

P.W. - 1 m C, < SO pF 

DUTY CYCLE - 1* 



_(_+ .5 TO 50>jF 
IN4933JL l(PK) Ad i us < 



M- 



di/dt Adjust 
(1 -27uH) 



IN4001 

— M— 



juulJ^ 



R < 0.25 Q 
I i 0.01uH 



;t 
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A f\fflk /N-Channel Enhancement Mode 

IUUVi 



MOSPOWER 



These power FETs are designed especially for audio amplifiers, 
power converters, and drivers for motors, solenoids and relays. 



FEATURES 

■ No Second Breakdown 

■ High Input Impedance 

■ Internal Drain-Source Diode 

■ Very Rugged: Excellent SOA 

■ Extremely Fast Switching 

BENEFITS 

■ Reduced Component Count 

■ Improved Performance 

■ Simpler Designs 

■ Improved Reliability 



Product Summary 



Part 
Number 


BV DSS 


"dsioni 


>d 


Package 


IRF130 


100V 


0.18Q 


14A 


TO-3 


IRF131 


60V 


IRF132 


100 V 


0.25Q 


12A 


IRF133 


60V 


IRF530 


100V 


0.18C3 


14A 


TO-220AB 


IRF531 


60V 


IRF532 


100V 


0.25D 


12A 


IRF533 


60V 



100V 

60V 



ABSOLUTE MAXIMUM RATINGS (T C = 25°C unless otherwise noted) 

Drain Current 

Pulsed (80|js to 300ns, 1% duty cycle) +56A 

Gate Current (Peak) ± 3A 

Gate-Source Voltage ±40V 

Total Power Dissipation 75W 

Linear Derating Factor 0.6W/°C 

Operating and Storage 
Temperature -55° C to + 1 50° C 



Drain-Source Voltage 

IRF130.132; IRF530.532 

IRF131,133;IRF531,533 

Drain-Gate Voltage 

IRF130.132; IRF530.532 100V 

IRF131.133; IRF531.533 60V 

Drain Current Continuous 

IRF130,131,530,531 ± 14A 

IRF132,133,532,533 ± 12A 



PACKAGE DIMENSIONS 

0.875 

r 122.225! 
Mflx I 



0.450 (11.43) 
0.250 (6.351 




Tl 

0.225 15.7151 
0.205 (5.2071 

PIN 1 — Gate 
PIN 2 — Source 
CASE — Drain 



_ 0.525 
BOTTOM VIEW < 13335 ' ' 

TO-3 




PIN 1 - Gate TO-220AB 

PIN 2 & TAB — Drain 
PIN 3 — Source 
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ELECTRICAL CHARACTERISTICS (Tc=25°C unless otherwise noted) 

|Part Number| Min | Typ | Max | Unit [ 



N umher | H TVP | M.x | Uni, | Test Conditions 







— 



meter 



BV DSS 


Drain-Source Breakdown 


IRF130, 132 
IRF530, 532 


100 






V 




Voltage 


IRF131, 133 
IRF531.533 


60 








v GS(im 


Gate Threshold Voltage 


All 


2.0 




4.0 


V . 


V GS = V DS. 'd= 1 mA 


'gss 


Gate-Body Leakage 


All 






±100 


nA 


V GS = ±20V, V DS = 




Zero Gate Voltage Drain 


All 






0.25 


mA 


V DS = Rated V DS V GS = 


'dss 


Current 






1.0 


V = Ratpri V V =0 T = 1?S~r 
V DS " aleu V DS, GS u " C *° ^ 




Drain-Source ON-State 


IRF130, 131 
IRF530, 531 






1.44 


V 


V GS = 10V, l D = 8A, (Note 1) 


V DS(on) 


Voltage 


IRF132, 133 
IRF532, 533 






2.0 




r DS(on) 


Drain-Source On 


IRF130, 131 
IRF530, 531 






0.18 


n i 


V GS = 10V, l D = 8A (Note 1) 


Resistance 


IRF132. 133 
IRF532. 533 






0.25 


'D(on) 


On-State Drain Current 


All 


14 






A 


V DS =25V, V GS = 10V, (Note 1) 


Dynamic 


3(3 


Forward Transconductance 


All 


4.0 






s 


V DS =25V, l D = 8A, (Notel) 


C,ss 


Input Capacitance 


All 






800 




V GS = 0. V DS =25V, f=1 MHz 


Crss 


Reverse Transfer 
Capacitance 


All 






150 


PF 


















C ss 


Output Capacitance 


All 






500 






td(on] 


Turn-On Delay Time 


All 






30 






t, 


Rise Time 


All 






75 




V DD = 30V, l D =8A, R L = 3.5S, R a = 10£2 
(Figure 1) 




Turn-Off Delay Time 


All 






40 


ns 


tl 


Fall Time 


All 






45 






Drain-Source Diode Characteristics 




Forward On Voltage 


All 




-1.5 




V 


i s = -14A,V GS = (Note 1) 


t rr Reverse Recovery Time 


All 




300 




ns 


l F = -14A, di/dt = 100A/ms, V GS = 
(Figure 2) 



Note 1: Pulse test — 80 ^s to 300 /t s. 1% duty cycle 

TEST CIRCUITS 

FIGURE 1 Switching Test Circuit 



Refer to VNDA12 Design Curves (See Section 4) 
FIGURE 2 JEDEC Reverse Recovery Circuit 




-VyV 



O v 



_ .5TO50 w F 
IN4933 J I J - _ '(PK) Ad i"SI 



CIRCUIT 
UNDER 



|_GENERATORj |_JTESJ_ 

C s <50pF 



di/dt Adiusl 
(1 -27 U H| 



P.W. = 1 « 
DUTY CYCLE = 1% 




FROM TRIGGER CKT 



Siliconix 



Li- Ll_ 



535 

■ ■ 

5? 



IRF140 
IRF540 



100V 



IRF141 ■ IRF142 ■ IRF143 
IRF541 ■ IRF542 ■ IRF543 

N-Channel Enhancement-Mode 

MOSPOWER 



S 

Siliconix 

Advance Information 



These power FETs are designed especially for switching regulators, converters, 
solenoid drivers, relay drivers and audio amplifiers. 



FEATURES 

■ Low On Resistance 

■ No Second Breakdown 

■ High Input Impedance 

■ Internal Drain-Source Diode 

■ Very Rugged: Excellent SOA 

■ Extremely Fast f 



BENEFITS 

■ Reduced Component Count 

■ Improved Performance 



Product Summary 













Part 
Number 


BV DSS 


r DS(ON) 




Package 












IRF140 


100 V 


0.0850 


27A 


TO-3 


IRF141 


60V 


IRF142 


ioov 


0.11(2 


24A 


IRF143 


60V 


IRF540 


100 V 


0.085H 


27A 








IRF541 


60V 






TO-220AB 


IRF542 


100 V 










0.1 m 


24A 




IRF543 


60V 









Simpler Designs 
Improved Reliability 



GO— 



ABSOLUTE MAXIMUM RATINGS (T C = 25°C unless otherwise noted) 



Drain-Source Voltage 

IRF140, 142,540,542 100V 



Gate Current (Peak) ± 3A 



iRF 14l' 143^ 54l| 543 :.;! 60V Gate-Source Voltage ±40V 



Drain-Gate Voltage 

IRF140, 142,540,542 100V 

IRF141,143,541.543 60V 

Drain Current 
Continuous 

IRF140, 141,540,541 ± 27A 

IRF142, 143,542,543 ± 24A 

Pulsed 2 ±108A 



Total Power Dissipation 125W 

Linear Derating Factor 1.0WC 

Operating and 

Storage Temperature -55°Cto +150°C 

Notes: 

1. Limited by package dissipation. 

2. Pulse test— 80 M s to 300 M s, 1% duty cycle. 



PACKAGE DIMENSIONS 

0.875 

rQ2.225i*A 
MAX 



0-450 q 1.43) 
0.250 16.351 



SEATING 
PLANE 



U 043 I J 092! t ° ^ 12 
— — ' 17.925) 

[] 003 8 10.965! M , N 



0.675 07. 145) 
0.655 06.637) 



O I.} 76) t 



1.197 130.404) 
""i.177 < 29. 896) H 




0.188 „. v 
-(4.775) MAX 
BOTH ENDS 



0.161 14.0891 
0.151 13.835) 



Pin 1 — Gate 
Pin 2 — Source 
CASE — Drain 



TO-3 



Pin 1 — Gate 

Pin 2 & TAB — Drain 

Pin 3 — Source 



TO-220AB 



ELECTRICAL CHARACTERISTICS (T C =25°C unless otherwise noted) 



Parameter 


Part 
Number 


Min 


Typ 


Max 


Unit 


Test Conditions 


Static 


BV Drain-Source Breakdown 
DSS Voltage 


IRF140, 142 
IRF540, 542 


100 






V 


V GS = 0, I d = 250mA 

QE790 fTrS ?.!3i ISWCl} ■ 


IRF141, 143 
IRF541, 543 


r i to 
60 






v GS(ih) Gate Threshold Voltage 


All 


2.0 




4.0 


V 


V DS= V GS. b= 1 m * 


l GSS Gate-Body Leakage 








±100 


nA 


V GS = ±20V, V DS = 


Zero Gate Voltage Drain 






0.1 


0.25 




V DS = Rated V DS , V GS = 0V 


aJao Current 






V DS = Rated V DS , V GS =0V, T c = 125"C 


'D(on) On-State Drain Current 


IRF140. 141 
IRF540, 541 


27 






ASl 


V DS = 25V, V QS = 10V (Note 1) 


IRF142, 143 
IRF542, 543 


24 






Static Drain-Source On-State 
r DS(on) ReS i s tance 


IRF140. 141 
IRF540, 541 




0.07 


0.085 


Q 


V GS = 10V, l D = 15A(Note 1) 


IRF142, 143 
IRF542, 543 




0.09 


0.11 


Dynamic 


g (s Forward Transconductance 


All 


6.0 


10.0 




S 


V DS =25V, l D = 15A (Note 1) 


C iss Input Capacitance 


All 




1275 


1600 


pF 


V GS = 0, V DS = 25V, f = 1 MHz 


C oss Output Capacitance- 






800 






550 


C rS s Reverse Transfer Capacitance 




160 


300 


•dionl Turn-On Delay Time 


All 




16 


30 


ns 


V DD =30V, l D = 15A, R L = 2Q, R g =10fi 


t r Rise Time 


All 




27 


60 


t d(of „ Turn-Off Delay Time 


All 




38 


80 


t, Fall Time 


All 




14 


30 




Drain-Source Diode Characteristics 


V SD Forward On Voltage 


All 




-2.50 




V 


l s =-27A, V GS = 0(Note 1) 


t„ Reverse Recovery Time 


AM 




250 





ns 


l F = -27A, V GS = 0, di/dt = 100A/|/s 



Note 1: Pulse test 80 to 300 w s, 1% duty cycle 

TEST CIRCUITS 

FIGURE 1 Switching Test Circuit 



FIGURE 2 Reverse Recovery Test Circuit 




-Wr 



| CIRCUIT 
PULSE ' ' UNDER 
|_GENERAT0Rj 

C s < 50 pF 



f* 5 TO 50uF 
IN4933 \ I y - _ l(PK) Ad i usl 



di/dt Adjust 
(1 -27 U H) 



IN4001 

— W— 



P.W. = 1 ,a 
DUTY CYCLE = 1% 



R < 25 O 
L i O.OImH 



FROM TRIGGER CKT ? 

> 



I-VvVf- 
SCOPE I 



70 70 
-n ti 

IS 

■ ■ 

70 70 
■n -n 

■ ■ 

TO TO 



6 



79 70 
TI TI 



2-7 



1 UUVmospower 



— 
■ 

8 



Advanced Information 



These power FETs are designed especially for off-line switching regulators, converters, 
solenoid and relay drivers. 



FEATURES 

■ High Voltage 

■ No Second Breakdown 

■ High Input Impedance 

■ Internal Drain-Source Diode 

■ Very Rugged: Excellent SOA 

■ Extremely Fast Switching 

BENEFITS 

■ Reduced Component Count 

■ Improved Performance 

■ Simpler Designs 

■ Improved Reliability 



Product Summary 



Part 
Number 


BV DSS 


"ds<on> 




Package 


IRF150 


100 V 












0.055Q 


40A 


TO-3 


IRF151 


60V 


IRF152 


100V 


0.08Q 


33A 


IRF153 


60V 



ABSOLUTE MAXIMUM RATINGS (T C = 25°C unless otherwise noted) 



Drain-Source Voltage 
IRF150 100V 

iRFisi :: 60V 

IRF1S2 100V 

IRF153 60V 



Drain-Gate Voltage 

IRF150 100V 

IRF151 60V 

IRF152 100V 

IRF153 60V 



Drain Current Continuous 

IRF150, 151 

IRF152, 153 



40A 

33A 



Drain Current 

Pulsed (80ms to 300fis, 1 % duty cycle) ± 160A 

Gate Current (Peak) ±3A 

Gate-Source Voltage ±40V 

Total Power Dissipation 150W 

Linear Derating Factor 1.2W/°C 

Operating and Storage 
Temperature -55°C to + 150°C 



PACKAGE DIMENSIONS 

0.B75 

r (22.225) ~\ 
MAX 



0.450 (1143) 
0.250 16 35) 



L 



T 



SEATING 
PLANE 



0.675 (77. 745/ 



— IT 



0.440 117.176) J 

0.420 170.668) 



043 
038 
.197 130.404) 
*"t.177 (29 8961 * 



109651 MIN 




PIN 1 - Gate 
PIN 2 — Source 
CASE — Drain 
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ELECTRICAL CHARACTERISTICS (Tc=25°C unless otherwise noted) 



Parameter 


Part 
Number 


Min 


Typ 


Max 


Unit 


Test Conditions 


Static 


„.. Drain-Source Breakdown 
BV ° SS Voltage 


IRF150 
IRF152 


100 






.V 


V GS = 0, l = 250,<A 


IRF151 
IRF153 


60 






v GS(ih| Ga'e Threshold Voltage 


All 


2 




4.0 


V 


V DS = V GS. 'd= 1 mA 


l GSS Gate-Body Leakage 


All 






±100 


nA 


V GS = ±20V, V DS = 


. Zero Gate Voltage Drain 


All 




0.1 


0.25 


mA 


V n< . = Rated V n „ V-,„ = 0V 

Db ds, GS 


' Dss Current 




0.2 


1.0 


V DS = Rated V DS V GS = 0V. T c = 125°C 


'Dion) On-State Drain Current 


All 


40 






A 


V DS = 25V, V GS = 10V (Note 1) 


Static Drain-Source On-State 
r DS(on) R es i s t a nce 


IRF150 
IRF151 




0.045 


0.055 





V QS = 10V, l D = 20A (Note 1) 


IRF152 
IRF153 




0.06 


0.08 




Dynamic 


g fs Forward Transconductance 


All 


9 


10 




s 


V DS = 25V, l D = 20A(Note 1) 


Cjss Input Capacitance 


All 




2500 


3000 


pF 


Vgs = 0. V ds = 25V, f=1 MHz 


C oss Output Capacitance 




1000 


1500 


C rss Reverse Transfer Capacitance 




350 


500 


*d(on) Turn-On Delay Time 


All 






35 














ns 


V DD = 30V, l D =20A, R L = 1.5Q, R 9 = 10S, 
(Fig. 1) 


t, Rise Time 


All 






100 


'dioff) Turn-Off Delay Time 


All 






125 


t f Fall Time 


All 






100 


Drain-Source Diode Characteristics 


V SD Forward On Voltage 


All 




-1.7 




V 


l s = -40A (Notel) 


t rr Reverse Recovery Time 


All 




500 




ns 


l F = -40A, V GS = 0, di/dt = 100A/ H s (Fig. 2) 



TO 



5 

■ 

-n 

% 

■ 

TO 
"Tl 

<2 



Note 1: Pulse test — 80 pS to 300 ,.s, 1% duty cycle 

TEST CIRCUITS 

FIGURE 1 Switching Test Circuit 



FIGURE 2 J 



r 




r 



i 



OVquT 



T S I 

-I J 



CIRCUIT 
UNDER 



[GENERATORj |_TESJ_ | 

C s < 50 pF 



P.W. ■ 1 ia 
DUTY CYCLE - 1% 
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CM CM 
CMO 

Li- UL 



CM CM 
CM CM 
CM <0 
u_ u_ 



CM CM 
CM-O 



■ ■ 

oo 

CM CM 



IRF220 
IRF620 



IRF221 
IRF621 



IRF222 
IRF622 



IRF223 
IRF623 



.SAHC/ J, 



s 

Siliconix 



200V 



N-Channel Enhancement Mode 

MOSPOWER 



Advanced Information 



These power FETs are designed especially for switching regulators, power converters, 
solenoid drivers and relay drivers. 



FEATURES 

■ No Second Breakdown 

■ High Input Impedance 

■ Internal Drain-Source Diode 

■ Very Rugged: Excellent SOA 

■ Extremely Fast Switching 

BENEFITS 

■ Reduced Component Count 

■ Improved Performance 

■ Simpler Designs 

■ Improved Reliability 



Product Summary 



Part 


BV DSS 






Package 


Number 




R DS(ON) 


•d 


IRF220 


200V 


0.8Q 


5.0A 


TO-3 


IRF221 


150V 


IRF222 


200V 










1.20 


4.0A 




IRF223 


150V 


IRF620 


200V 


0.8O 


5.0A 


TO-220AB 


IRF621 


150V 


IRF622 


200V 


1.20 


4.0A 


IRF623 


150V 





o ■ . O Juqil 



ABSOLUTE MAXIMUM RATINGS (T C = 25°C unless otherwise noted) 

Drain-Source Voltage 



IRF220,222,620,622 200V 

IRF221, 223,621, 623 150V 

Drain-Gate Voltage 

IRF220,222,620,622 200V 

IRF221 ,223,621,623 150V 

Drain Current Continuous 1 

IRF220,221,620,621 ± 5.0A 

IRF222,223,622,623 + 4.0A 

Pulsed 2 ± 20A 



Gate Current (Peak) , ± 2A 

Gate Source Voltage ± 40V 

Total Power Dissipation 40W 

Linear Derating Factor 0.32W/°C 

Storage and Junction 

Temperature -55°C to +150°C 

Notes: 

1. Limited by package dissipati on. • ' -\ 

2. Pulse test— 80/js to 300/js, 1% duty cycle. 



PACKAGE DIMENSIONS 




1 F 

0.225 15. 7 J 5/ 
0.205 IS.2Q7) 



PIN 1 — Gate 
PIN 2 — Source 
CASE — Drain 



0.161 (4.089) 

0.151 (3.835) 

0.525 

BOTTOM VIEW n3335 > ' 

1 * 



R MAX 



TO-3 



fl (0.511 
S (1.39) 

1 


.270 

(5.85) 
(6.85) 


fl 1 
1 


t 




t 




PIN 1 — Gate 
PIN 2 & TAB — Drain 
PIN 3 - Source 



TO-220AB 
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Siliconix 



ELECTRICAL CHARACTERISTICS (T C =25°C unless otherwise noted) 

Symbol | Parameter | Part Number Mil | Typ | Max | Unit | Test Conditions 



Static 



73 73 
-n -n 
(MO 
IO ro 
OO 



73 73 
ti n 
o> ro 
roro 



73 73 
TI "TI 

o» ro 
ro ro 
ro ro 



73 73 
TI TI 

o* ro 
ro ro 



BV DSS 



Drain-Source Breakdown 



IRF220, 222 
IRF620, 622 



IRF 221, 223 
IRF 621, 623 



200 



150 



V GS = 0,, = 250uA 



V GS(th) 



Gate Threshold Voltage 



All 



V GS = V DS , l D = 1mA 



Igss 



Gate Body Leakage 



All 



t100 



nA 



V QS = ±20V,V DS = 



'DSS 



Zero Gate Voltage Drain 
Current 



All 



0.1 



0.25 



mA 



V DS = Rated V DS , V GS = 



0.2 



1.0 



V DS = Rated V DS , V GS = 0, T c = 125°C 



'DS(on) 



Drain-Source On 
Resistance 



IRF 220, 221 
IRF 620, 621 



0.5 



0.8 



IRF 222, 223 
IRF 622, 623 



V GS = 10V, l D = 2.5A (Note 1) 



'D(on) 



On-State Drain Current 



All 



A | V DS = 25V, V GS = 10V (Note 1) 



Dynamic 



9fs 



Forward Transconductance 



All 



1.3 2.3 



V DS = 25V, l D = 2.5A(Note 1) 



Input Capacitance 



All 



600 



Reverse Transfer 
Capacitance 



All 



40 



80 



pF 



V GS = 0, V DS = 25V,f = 1MHz 



Common-Source Output 
Capacitance 



All 



150 



300 



l d(on) 



Turn-On Delay Time 



40 



Rise Time 



60 



td(off) 



Turn-Otf Delay Time 



100 



V DD = 75V, l D =2.5A, R L = 30Q, R g = 25S, 
(Figure 1) 



Fall Time 



Drain-Source Diode Characteristics 



VSD 



Forward ON Voltage 



All 



-1.57 



l s =-5 A, V GS = 0(Note 1) 



Reverse Recovery Time 



450 



—I 



l F =-5A, V GS = 0, di/dt = 100 A/us 
(Figure 2) 



Note 1: Pulse Test— 80us to 300 us, 1% duty cycle 



TEST CIRCUITS 



— 

FIGURE 1 Switching Test Circuit 



FIGURE 2 Reverse Recovery Test Circuit 



r 



r 



n 



i i 




i i 



IN4933 "i I 



_L 

i 
j 



-Ov OUT 



T c s I 



j CIRCUIT 
PULSE ' 1 UNDER 
I GENERATOR 



neratorJ |_[ e 5J_ 



p.w. - 1 us 

DUTY CYCLE = 1% 



C s < SO pF 



di/dl Adjust 
(1 - 27uH) 



_ t* .5TOS0,iF 
1(PK)Ad|u»t 



IN4001 

— m- 



R < 0.2511 
L i 0.01uM 



J^xT ^"* | SCOPE | 



FROM TRIGGER CKT 



S-C 
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200V 



N-Channel Enhancement Mode 

MOSPOWER 



micunix 



Advance Information 



These power FETs are designed especially for switching regulators, power converters, 
solenoid drivers and relay drivers. 



FEATURES 

■ No Second Breakdown 

■ High Input Impedance 

■ Internal Drain-Source Diode 

■ Very Rugged: Excellent SOA 

■ Extremely Fast Switching 

BENEFITS 

■ Reduced Component Count 

■ Improved Performance 

■ Simpler Designs 

■ Improved Reliability 



Product Summary 



Part 
Number 


BV DS s 


"dS(ON) 


>d 


Package 


IRF230 


200V 


0.4Q 


9A 


TO-3 


IRF231 


150V 


IRF232 


200V 


0.6Q 


8A 


IRF233 


150V 




IRF630 


200V 


0.4Q 


9A 


TO-220AB 


IRF631 


150V 


IRF632 


200V 


0.6Q 


8A 


IRF633 


150 V 



so— If 



ABSOLUTE MAXIMUM RATINGS fJc = 25°C unless otherwise noted) 

Gate Current (Peak) ± 3A 

Gate-Source Voltage ± 40V 

Total Power Dissipation 75W 

Linear Derating Factor 0.6W/°C 

Storage and Junction 

Temperature -55°C to 150°C 

Notes: 

1. Limited by package dissipation. 

2. Pulse test— 80ms to 300jiS, 1% duty cycle. 



Drain-Source Voltage 




IRF230,232,630,632 


200V 


IRF231, 233,631, 633 


150V 


Drain-Gate Voltage 




IRF230,232,630,632 


200V 


IRF231 ,233,631 ,633 


150V 


Drain Current Continuous 1 




IRF230,231,630,631 


+ 9A 


IRF232,233,632,633 


+ 8A 


Pulsed 2 


+ 36A 







PACKAGE DIMENSIONS 

0.875 
f-» 122.225) ] 
MAX 



0.450 111. 43} 
0.250 (6.351 




0.440 111.176) 
0.420 110.668) 



0.225 15.715) 
0.205 15.207) 

PIN 1 — Gate 
PIN 2 — Source 
CASE — Drain 



0.525 

BOTTOM VIEW (13-335) 



if S uM- 

I | IMS 



t V 




.500 

.580 

.250 


02-70) B 

mm. 


(6.35/ 





.045 a is; 



TO-3 



PIN 1 — Gate 

PIN 2 & TAB — Drain 

PIN 3 — Source 

TO-220AB 



Siliconix 



ELECTRICAL CHARACTERISTICS (Tc=25°C unless otherwise noted) 



Symbol 


Parameter | Part Number | Mln 1 Typ 


Max 


Unit | Test Conditions 


Static 


BV D SS 


Drain-Source Breakdown 


IRF 230, 232 
IRF 630, 632 


200 






V 


VGS = 0. Id= 250mA 


IRF 231, 233 
IRF 631, 633 


150 






VGSfth) 


Gate Threshold Voltage 


All 


2 




4 


V 


Vqs = Vds. lD = 1 mA 


Iqss 


Gate Body Leakage 


All 






±100 


nA 


V GS =±20V, V DS = 


Idss 


Zero Gate Voltage Drain 
Current 


All 




0.1 


0.25 


mA 


V DS = Rated V DS ,V GS = 




0.2 


1.0 


V DS = Rated V DS , V GS = 0, T c = 125°C 


r DS(on) 


Drain-Source On 
Resistance 


IRF 230, 231 
IRF 630, 631 




0.25 


0.4 


Q 


V GS = 10V, l D = 5A (Notel) 


IRF 232, 233 
IRF 632, 633 




0.4 


0.6 


'D(on) 


On-State Drain Current 


All 


9 






A 


V DS = 25 V, V GS = 10 V (Note 1) 


Dynamic 


Dfs 


Forward Transconductance 


All 


2.5 


4.5 




S 


V DS = 25V, l D = 5A (Notel) 




c lss 


Input Capacitance 


All 




700 


800 


pF 


V G s = 0, V DS = 25V, f = 1MHz 




Reverse Transfer 
Capacitance 


All 




80 


150 


C oss 


Common-Source Output 
Capacitance 


All 




250 


450 


td(on) 


Turn-On Delay Time 


All 






30 


ns 


V DD = 75V, l D =5A, R L = 15Q, R g = 252, 
(Figure 1) 


tr 


Rise Time 


All 






50 


<d(off) 


Turn-Off Delay Time 


All 






50 


tf 


Fall Time 


All 






40 


Drain-Source Diode Characteristics 


V S D 


Forward ON Voltage 






-1.8 




V 


l s =-9A, V GS = (Notel) 


trr 


Reverse Recovery Time 






650 




ns 


I F = -9 A, V GS = 0, di/dt = 100 A/j/s 
(Figure 2) 



7J 

n 

On 



73 
-n 

ro 



73 73 



o> 

GO 



ro 

CO 



73 73 



On 
CO 

ro 



ro 

CO 

ro 



73 73 



o» 

CO 
CO 



ro 
co 

CO 



Note 1: Pulse Test— 80ms to 300 lis, 1 % duty cycle 

TEST CIRCUITS 

FIGURE 1 Switching Test Circuit 



FIGURE 2 Reverse Recovery Test Circuit 




-VW 



-O v out 



I j CIRCUIT -± 
PULSE ' ' UNDER 
[GENERATORj |_TEST • _J 

P.W. • 1 us Cc < 50 pF 

DUTY CYCLE - 1% 



£ + .5TO50)jF 
IN4933 "i I 3 ■» _ 1( PK )Ad|uit 



dl/dt Adiust 
(1-27„H) 



5 



IN4001 

— H— 



>£3 



R < 0.2511 
L < O.OIuH 



IRF240 
IRF640 



IRF241 
IRF641 



IRF242 
IRF642 



IRF243 
IRF643 



200V 



N-Channel Enhancement-Mode 

MOSPOWER 



B 

Siliconix 

Advanced Information 



These power FETs are designed especially for offline switching regulators, converters, 
solenoid and relay drivers. 



FEATURES 

■ No Second Breakdown 

■ High Input Impedance 

■ Internal Drain-Source Diode 

■ Very Rugged: Excellent SOA 

■ Extremely Fast Switching 

BENEFITS 

■ Reduced Component Count 

■ Improved Performance 

■ Simpler Designs 

■ Improved Reliability 



Product Summary 



Part 
Number 



IRF240 



IRF640 



IRF641 



IRF642 



IRF643 



BVn 



200 



150 



200 



150 



r DS<ON) 



0.22!! 



0.18!! 



0.22!! 



18A 



16A 



18A 



Package 



TO-3 



TO-220AB 



J 



ABSOLUTE MAXIMUM RATINGS fJ c =25°C unless otherwise noted) 

Gate Current (Peak) ± 3A 

Gate-Source Voltage ± 40V 

Total Power Dissipation 125W 

Linear Derating Factor 1.0W/°C 

Operating and Storage 
Temperature - 55 to +150°C 

Notes: 

1. Limited by package dissipation. 

2. Pulse test— 80ns to 300ms, 1% duty cycle. 



Drain-Source Voltage 

IRF240, 242,640,642 200V 

IRF241,243,641,643 150V 

Drain-Gate Voltage 

IRF240, 242, 640, 642 200V 

IRF241,243,641,643 150V 

Drain Current 
Continuous 1 

IRF240,241,640, 641 ± 18A 

IRF242, 243, 642, 643 ± 16A 

Pulsed 2 ±72A 



PACKAGE DIMENSIONS 



0.4S0 in. 43) 
0.250 16.35) 



0.440 
0.420 



Pin 1 — Gate 
Pin 2 — Source 
CASE — Drain 




0.161 14 089) 

o.i5i ileWi 



' BOTTOM VIEW 



TO-3 




.500 ( 12.70 ) 
.580 (14.73)' 



TO-220 AB 



Pin 1 — Gate 

Pin 2 & TAB — Drain 

Pin 3 — Source 
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Drain-Source Breakdown 
BVdss Voltage 


IRF5/tn 0A0 

IRF640, 642 


200 




V 


y [ Jim 1 a %/r %p * . i 

Vqs = 0, I d = 250mA 


IRF241, 243 
IRF641, 643 


150 




v GS(ih) Ga,e Threshold Voltage 


All 


2.0 


4.0 


V 


Vgs=V os , l D =1 mA 


l GSS Gate-Body Leakage 


All 




±100 


nA 


V GS = ±20V, V os = 


'dss Zero Gate Voltage Drain Current 


All 




0.25 


mA 


V DS = Rated V DS , V GS = 




1.0 


V DS = Rated V DS , V GS = 0, T c = 125°C 


1 _ . On.^talo Drain f"*iirr«nt 
Dfon) i oioic l^iciih wui i ui 1 1 


All 


18 




A 


Vr,o - 25V Vr-c - 10V (Note 11 










Static Drain-Source On-State 
Dsion) Resistance 


IRF240, 241 
IRF640, 641 




0.18 


q' 


V GS = 10V, l D = 10A(Note1) 


IRF242, 243 
IRF642, 643 




0.22 


Dynamic 


g ls Forward Transconductance 


All 


6.0 




S 


V DS = 25V, l D = 10A (Notel) 


C iss Input Capacitance 


All 




1600 


pF 


V G s=°. V DS = 25V, 'f=1 MHz 


C oss Output Capacitance 




750 


C rss Reverse Transfer Capacitance 




300 


td(ot» Turn-On Delay Time 


All 




30 













60 


t r Rise Time 


All 




ns 


V DD = 75V, t D »10A, R L S 7.5!!, R g = 4.7S2 


'd(oif) Turn-Off Delay Time 


All 




80 


, Fall Time 


All 




60 







Typ 






Vso 


Forward On Voltage 


All 


-2.0 


V 


l s = -18A V GS = (Note 1) 


t,r 


Reverse Recovery Time 


All 


425 


ns 


l F = -18A, V GS = 0, di/dt = 100A/ H s 



Note: 

1. Pulse test: 80 „s to 300 „s, 1% duty cycle. 





TEST CIRCUITS 

FIGURE 1 Switching Test Circuit 



FIGURE 2 Reverse Recovery Test Circuit 




I 



-o%i 



-wv 



IN4933 ] i 



o 



I CIRCUIT 
PULSE ' 1 UNDER 
|_GENERATORj |_TEST 

P W. - 1 IB C s e 50 pF 



I 



-M- 



di/dt ADJUST 
(1-27 „H) 



(_ + 0.5TO50,,F 
j -- l(PK) ADJUST 



IN 4001 

N 



ujuJ 



R s 0.250 
L s 0.01 ,.H 



FROM TRIGGER CKT 



•£3 



VvVv-f 1 

1 SC0PE I 



J 
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200V 



N-Channel Enhancement-Mode 

MOSPOWER 



Siliconix 

Advanced Information 



These power FETs are designed especially for offline switching regulators, power 
converters, solenoid and relay drivers. 



FEATURES 

■ No Second Breakdown 

■ High Input impedance 

■ Internal Drain-Source Diode 

■ Very Rugged: Excellent SOA 

■ Extremely Fast Switching 

BENEFITS 

■ Reduced Component Count 

■ Improved Performance 

■ Simpler Designs 

■ Improved Reliability 



Product Summary 



Part 
Number 


BV DSS 


r DS(ON) 


Id 


Package 












IRF250 


200 


0.085P. 


30A 




IRF251 


150 


TO-3 


IRF252 


200 


0.120SJ 


25A 


IRF253 


150 





ABSOLUTE MAXIMUM RATINGS (T C =25°C unless otherwise noted) 



Drain-Source Voltage 

IRF250, 252 200V 

IRF251.253 150V 

Drain-Gate Voltage 

IRF250,252 200V 

IRF251.253 150V 

Drain Current 

Continuous 1 

IRF250, 251 ±30A 

IRF252.253 ±25 A 

Pulsed 2 ±120A 





Gate Current (Peak) ± 3A 

Gate-Source Voltage ± 40V 

Total Power Dissipation 150W 

Linear Derating Factor 1.2W/°C 

Operating and Storage 
Temperature -55to+150°C 

Notes: 

1. Limited by package dissipation. 

2. Pulse test— 80ns to 300ns, 1% duty cycle. 



— 



0.460 ( 11431 
0.250 1635) 



PACKAGE DIMENSIONS 



rt 22.225) -*A 
MAX 



i r 



SEATING 
PLANE 



0.675 117.145) 
0.655 (le'.eiji ' 



0.043 11.092! 



f 0.31 2 

1 (7 925) 
MIN 



0.440 111.176) j 



1197 130404) 
*"T7l77 129896) H 



Pin 1 - Gate 
Pin 2 — Source 
CASE — Drain 



0.420 110 668) 

Tl 

0.225 /5.7J5) 



0.205 15.207) 





0.161 (4.089) 
0.151 (3835/ 



BOTTOM VIEW n 33351 

TO-3 
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ELECTRICAL CHARACTERISTICS (T C = 25°C unless otherwise noted) 



Parameter 


Part 
Number 


Min 


Max 


Unit 


Test Conditions 


Static 


„., Drain-Source Breakdown 
BVdss Voltage 


IRF250, 252 


200 




V. 


V GS = 0,l o = 250mA 


IRF251, 253 


150 




v GS(ih) Gate Threshold Voltage 


All 


2.0 


4.0 


V 


Vqs= v ds. Id=1 mA 


l GSS Gate-Body Leakage 



All 




±100 


nA 


V GS = ±20V, V os = 


I DSS Zero Gate Voltage Drain Current 


All 




0.25 


mA 


V DS = Rated V DS , V GS = 




1.0 


V oa = Rated V DS , V GS = 0, T c = 125"C 


Ir^on) On-State Drain Current 


All 


30 




A 


V DS = 25V, V GS = 10V (Note 1 ) 


Static Drain-Source On-State 
>DS(or,) Resistance 


IRF250, 251 




0.085 


B 


V GS = 10V, l D = 16A(Note1) 


IRF252, 253 




0.120 


Dynamic 


g fs Forward Transconductance 


All 


8 




S 


V DS = 12V. I D = 16A (Notel) 


C ls3 Input Capacitance 


All 




3000 


pF 


V GS = 0, V DS = 25V, 1=1 MHz 


C oss Output Capacitance 




1200 


C, ss Reverse Transfer Capacitance 




500 


•dlon) Turn-On Delay Time 


All 




35 


ns 


V DD = 75V, l D =16A, R U = 7.5Q, R g = 4.7Q, 
(Figure 1) 

. • .- r : 


t, Rise Time 


All 




100 


•d(oif) Turn-Off Delay Time 


All 




125 


t, Fall Time 


All 




100 


Drain-Source Diode Characteristics 






Typ 










-1.6 


V 


l s = -30A (Note 1) 


V SD Forward On Voltage 


All 


t, r Reverse Recovery Time 


All 


500 


ns 


If* -30 A, V gs = 0, di/dt = 100 A/|js (Fig. 2) 


Note: 

1. Pulse test: 80 /is to 300 lis, 1% duty cycle. 


TEST CIRCUITS 



FIGURE 1 Switching Test Circuit 
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FIGURE 2 
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'(PK) ADJUST 
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(1-27 „H) 



IN4001 

— M— 



IN4723 
FROM TRIGGER CKT 
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co co 

CM<M 

co r> 



CM CM 
CM CM 
CO 1^ 
Ll_ u_ 



CM CM 

co 



oo 

CM CM 
COIN. 



IRF320 
IRF720 



IRF321 
IRF721 



IRF322 
IRF722 



IRF323 
IRF723 




N-Channel Enhancement Mode 

SPOWER 



& 

Siliconix 

Advanced Information 



u*acv iTL'i - tf)- j 1 '£ ' t!.A SQfijIseJ <Do8 etfiO 

These power FETs are designed especially for off-line switching regulators, converters, 

Product Summary 



solenoid and relay drivers 

FEATURES 

■ High Voltage 

■ No Second Breakdown 

■ High Input Impedance 

■ Internal Drain-Source Diode 

■ Very Rugged: Excellent SOA 

■ Extremely Fast Switching 

BENEFITS 

■ Reduced Component Count 

■ Improved Performance 

■ Simpler Designs 

■ Improved Reliability 



Part 


BV DSS 


"dsioni 


Id 


Package 


Number 










IRF320 


400V 


1.8Q 


3A 




IRF321 


350V 






TO-3 


IRF322 


400V 


2.5C2 


2.SA 




IRF323 


350V 








IRF720 


400V 








1.8Q 


3A 




IRF721 


350V 






TO-220AB 


IRF722 


400V 


2.5fi 


2.5A 








IRF723 


350V 









v. .uoP-nt w O 



ABSOLUTE MAXIMUM RATINGS (T C = 

Drain-Source Voltage 

IRF320, 322, 720, 722 400V 

IRF321, 323, 721,723 350V 

Drain-Gate Voltage 

IRF320, 322, 720, 722 400V 

IRF321, 323, 721, 723 350V 

Drain Current Continuous 

IRF320,321,720,721 ±3A 

IRF322, 323, 722, 723 ± 2.5A 



25°C unless oth€ 

Drain Current 

Pulsed (80ns to 300ns, 1 % duty cycle) ± 12A 

Gate Current (Peak) ± 1A 

Gate-Source Voltage ±40V 

Total Power Dissipation 

Linear Derating Factor 0.32 W/°C 

Operating and Storage 
Temperature -55° C to + 150°C 



PACKAGE DIMENSIONS 



0.450 ft! 43) 
0.260 {6 35/ 



0.440 
0.420 




0.675 ft? 145' 
655 ' 16. 637 > 



f4 089) 
13 835) 



PIN 1 — Gate 
PIN 2 — Source 
CASE - Drain 



BOTTOM VIEW "33351 

TO-3 



020 {051) '^5 



i. * 1 _ _ 


350 


twa . 

04.731 


I6 3i> 







. j" <!<!?< 

.650 H6 Si) 

PIN 1 - Gate TO-220AB 
PIN 2 & TAB - Drain 
PIN 3 - Source 



2-18 



Static 



Drain-Source Breakdown 
BVoss Vo |, a g e 


IRF320. 322 
IRF720, 722 


400 






' y • ' 


V GS = 0, I d = 250mA 


IRF321, 323 
IRF721, 723 


350 






V GS(m| Gate Threshold Voltage 


All 


2.0 




4.0 


V 


V DS =V GS. I D = 1 '° mA 


l GSS Gate-Body Leakage 


All 






±100 


nA 


V as = ±20V, V DS = 


Zero Gate Voltage Drain 
Idss current 


All 




0.1 


0.25 




V DS = Rated V DS V GS = 

V DS = Rated V DS V GS = 0, T c = 125°C 




0.2 


1.0 
























l D(on) On-State Drain Current 


All 


3.0 






A 


V DS = 25V, V GS = 10V (Note 1) 


Static Drain-Source On-State 


IRF320, 321 
IRF720, 721 




1.5 


1.8 


Q 


V GS = 10V, , D = 1.5A (Note 1) 


DS,on » Resistance 


IRF322, 323 
IRF722, 723 




1.8 


2.5 


Dynamic 


g fs Forward Transconductance 


All 


:i.o 


2.0 




S 


V DS = 25V, l D = 1.5A (Note 1) 


C j5s Input Capacitance 


All 




450 


600 


pF 


Vgs = 0. V DS =25V, f=1 MHz 


C oss Output Capacitance 




100 


200 


C rss Reverse Transfer Capacitance 




20 


40 


'd(on) Turn-On Delay Time 


All 




20 


40 


ns 


V DD = 200V, l D =1.5A, R L = 13053, 
R a = 25Q, (Fig. 1) 


t r Rise Time 


All 




25 


50 








50 




'a(oii) Turn-Off Delay Time 


All 




100 




t, Fall Time 


All 




25 


50 


Drain-Source Diode Characteristics 


V SD Forward On Voltage 


All 




-1.3 




V 


l s = -3A V GS = 0(Note 1) 


t rr Reverse Recovery Time 


All 




400 




ns 


l F = -3A, V GS = 0, di/dt = IOOA/ms (Fig. 1) 



Note 1: Pulse test — 80 /<s to 300 ^s, 1% duty cycle 

TEST CIRCUITS 

FIGURE 1 Switching Test Circuit 



FIGURE 2 JEDEC Reverse Recovery Circuit 
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IRF730 ■ IRF731 ■ IRF732 ■ IRF733 siliconix 

N-Channel MOSPOWER FETs 
400V Enhancement-Mode 

These power FETs are designed especially for off-line switching regulators, converters, 
solenoid and relay drivers. 



FEATURES 

■ High Voltage 

■ No Second Breakdown 

■ High Input Impedance 

■ Internal Drain-Source Diode 

■ Very Rugged: Excellent SOA 

■ Extremely Fast Switching 

BENEFITS 

■ Reduced Component Count 

■ Improved Performance 

■ Simpler Designs 

■ Improved Reliability 



Product Summary 



Part 
Number 










BV DSS 


^DS(ON) 


Id 


Package 


IRF330 


400V 


1.00 


5.5A 


TO-3 


IRF331 


350V 


IRF332 


400V 


1.5(1 


4.5A 


IRF333 


350V 


IRF730 


400V 


1.0" 


5.5A 


TO-220AB 


IRF731 


350V 


IRF732 


400V 


1.50 


4.5A 


IRF733 


350V 













ABSOLUTE MAXIMUM RATINGS (T c = 25°C unless otherwise noted) 

Pulsed Drain Current (80ns to 300hs, 1% duty cycle). . . . ± 22A 

Gate Current (Peak) ± 3A 

Gate-Source Voltage ±40V 



Drain-Source Voltage 

I RF330, 332, 730, 732 400V 

I RF331 , 333, 731 , 733 350V 

Drain-Gate Voltage 

IRF330, 332, 730, 732 400V 

IRF331 , 333, 731 , 733 350V 

Continuous Drain Current, T C = 25°C 

IRF330, 331, 730, 731 ±5.5A 

IRF332, 333, 732, 733 ±4.5A 



Maximum Power Dissipation 75W 

Linear Derating Factor 0.6W/°C 

Operating and Storage Temperature - 55 to 150°C 



PACKAGE DIMENSIONS 

0.875 

r 122.2251 *A 
Mflx I 



0.450 {11.431 
0.250 (6.35) 



0.420 ( 70.6681 




0.525 

BOTTOM VIEW "3335) 



0.161 (4.039) 
0.151 (3.335) 
B MAX 



PIN 1 — Gate 
PIN 2 — Source 
CASE - Drain 

TO-204AA (TO-3) 




PIN 1 — Gate 
PIN 2 & TAB — Drain 
PIN 3 - Source 



TO-220AB 
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Electric* 



unless otherwise specified) 



Part Number | Mln | Typ | Max | Unit" 



70 70 
-n n 

VI OJ 
CO CO 

o o 
■ ■ 

TO 

TI "TI 
vj CO 

co co 



*JTO 
TI TI 
CO 

coco 
ro ro 



JO TO 

"TI TI 
VJCO 

coco 
coco 



SymbQl 



Test Conditions 



Static 



BV DSS 


Drain-Source Breakdown 


IRF 330, 730 
IRF 332, 732 


400 






V 


V GS = 0,, D = 250„A 


IRF 331, 731 


350 






VGS(th) 


Gate Threshold Voltage 


All 


2 


3.3 


4 


V 


Vqs = Vds. Id = 1mA 


Igss 


Gate Body Leakage 


All 




10 


±100 


nA 


V GS =±20V, V DS = 


Idss 


Zero Gate Voltage Drain 
Current 


All 




0.1 


0.25 


mA 


V D s = Rated Vds, Vqs = 




0.5 


1.0 


V DS = Rated V DS . V GS = 0, T C = 125°C 


r DS<on) 


Drain-Source On 
Resistance 


IRF 330, 730 
IRF 331, 731 




0.9 


1 


a 


V GS = 10V, l D =3A (Note 1) 


IRF 332, 732 
IRF 333, 733 




1.2 


1.5 


^(on) 


On-State Drain Current 


IRF 330, 730 
IRF 331, 731 


5.5 


8 




A 


V DS = 25V, V GS = 10V(Note 1) 


IRF 332, 732 
IRF 333, 733 


4.5 


8 




Dynamic 




Forward Transconductance 


All 


3 


3.5 




S 


V DS = 100V, l D = 3A (Note 1) 


Ciss 


Input Capacitance 


All 




800 


900 


pF 


Vqs = 0, V D s = 25 V, f = 1 MHz 


c rss 


Reverse Transfer 
Capacitance 


All 




25 


80 


C oss 


Common-Source Output 
Capacitance 


All 




150 


300 


















'd(on) 


Turn-On Delay Time 


All 






30 


ns 


V DD = 200V, l D =3A, R L = 672, R g = 10S, 
(Figure 1) 


tr 


Rise Time 


All 






35 


4 d(off) 


Turn-Off Delay Time 


All 






55 


tf 


Fall Time 


All 






35 


Drain-Source Diode Characteristics 










Typ. 








V S D 


Forward ON Voltage 


All 




-1.4 




V 


l s = -5.5A (Notel) 


trr 


Reverse Recovery Time 


All 




400 




ns 


l F = l R = -5.5A, V GS = 0, 
(Figure 2) 



Note 1: Pulse Test— 80ms to 300 fts, 1 % duty cycle 

TEST CIRCUITS 

FIGURE 1 Switching Test Circuit 



Refer to VNDA40 Design Curves (See Section 4) 



FIGURE 2 Reverse Recovery Test Circuit 
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IRF340 
IRF740 



400V 



IRF341 ■ IRF342 ■ IRF343 
IRF741 ■ IRF742 ■ IRF743 

N-Channel Enhancement-Mode 

MOSPOWER 



Siliconix 

Advance Information 



These power FETs are designed especially for offline switching regulators, converters, 
solenoid and relay drivers. 



FEATURES 

■ High Voltage 

■ No Second Breakdown 

■ High Input Impedance 

■ Internal Drain-Source Diode 

■ Very Rugged: Excellent SOA 

■ Extremely Fast Switching 

BENEFITS 

■ Reduced Component Count 

■ Improved Performance 

■ Simpler Designs 

■ Improved Reliability 



Product Summary 



Part 










Number 


BV DSS 


r DS(ON) 




Package 


IRF340 


400V 


0.55(2 


10A 




IRF341 


350V 


TO-3 










IRF342 


400V 


0.800 


8.0A 




IRF343 


350V 




IRF740 


400V 


0.55S! 


10A 




IRF741 


350V 












TO-220AB 


IRF742 


400V 








0.80B 


8.0A 




IRF743 


350V 













ABSOLUTE MAXIMUM RATINGS (T C = 25°C unless otherwise noted) 



Drain-Source Voltage 

IRF340.342, 740,742 400V 

IRF341, 343, 741,743 350V 

Drain-Gate Voltage 

IRF340, 342, 740, 742 400V 

IRF341, 343, 741,743 350V 

Drain Current 
Continuous 

IRF340, 341,740, 741 . L ± 10A 

IRF342,343,742,743 ± 8 A 

Pulsed 2 ±40A 



Gate Current (Peak) ± 3A 

■ 

Gate-Source Voltage 



t40V 



Total Power Dissipation 125W 

Linear Derating Factor 1.0W/"C 

Operating and 

Storage Temperature -55°Cto +150°C 

Notes: 

1. Limited by package dissipation. 

2. Pulse test— 80 M s to 300ns, 1% duty cycle. 







PACKAGE DIMENSIONS 

0.875 

r 122.225) *-) 
MAX | 



0.450 (1143) 
0.250 16 35) 



T 



SEATING 
PLANE 



0.675 1171451 



IT 



(1.092/ 1 
(0.3651 



0,312 

(7.925) 
MIN 



0.440 I11A76)_ J_ 
0.420 110.668) 



1.197 130.404) 
1.177 129.896) ** 



i r 



0.225 
0.205 




15.715) 

BOTTOM V, E iT'»S/ RMAX 



Pin 1 — Gate 
Pin 2 — Source 
CASE - Drain 




TO-3 



Pin 1 — Gate 
Pin 2 & TAB — Drain 
Pin 3 



TO-220AB 
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g V Drain-Source Br 


;akdown 

5IUQ61 pn.r 


IRF340, 740 
IRF342, 742 


400 






V 


IWIfl W ■ 
V GS = 0, I d = 250mA 


DSS Voltage 


IRF341, 741 
IRF343, 743 


350 






v GS(ih) Gate Threshold Voltage 


All 


2.0 


3.3 


4.0 


V 


v ds = v gs- '6- 1 mA 


l GSS Gate-Body Leakage 


All 
AM 




10 


±100 


nA 


V GS = ±20V, V DS = 


Zero Gate Volta 


je Drain 


All 




0.1 


0.25 


mA 


V DS = Rated V DS , V GS = 0V 


' DSS Currer 


<t 




0.2 


1.0 


V DS = Rated V DS , V GS = 0V, T c = 1 25 'C 


l D(0 „, On-St 


ite Drain Current 


IRF340, 341 
IRF740, 741 


10 






A j 




V DS = 25V, V GS = 10V (Notel) 


IRF342, 343 
IRF742, 743 


8 






Static 


Drain-Sou 


rce On-State 

.. ■ 


IRF340, 341 
IRF740, 741 




0.47 


0.55 


I) 


V GS = 10V, l D = 5A(Note 1) 


DS(on » Resistance 


IRF342, 343 
IRF742, 743 




0.68 


0.80 


Dynamic 




g (s Forward Transconductance 


All 


4.0 


7.0 




S 


V DS = 25V,, D = 5A<No,e1) 


C iss Input Capacitance 


All 




1250 


1600 


pF 


V GS = 0, V DS = 25V, f = 1 MHz 


C oss Output Capacitance 




300 


450 


C rss Reverse Transfer Capacitance 






80 


150 






1 

'd(on) Turn-On Delay Time 




All 




17 


35 


ns 


' 

V DD =175V, l D = 5 A, R L = 35Q, R g = 10Q 


t r Rise Time 


All 




5.0 


15 


'd(ofi) Turn-Off Delay Time 


All 




45 


90 


t ( Fall Time 


All 




16 


35 



70 TO 
Tl Tl 



Tl Tl 

VICv> 

4^ ^ 
ION) 



Drain-Source Diode Characteristics 



V SD Forward On Voltage 


All 




-2.0 




V 


l s = -10AV GS = (Notel) 


t rr Reverse Recovery Time 


All 




600 





ns 


l F = -10A, V GS = 0, di/dt = 100A/ M s 



Note 1: Pulse test 80 pS to 300 ,is, 1% duty cycle 

TEST CIRCUITS 

FIGURE 1 Switching Test Circuit 



FIGURE 2 Reverse Recovery Test Circuit 
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4UU V MOSPOWER 



Mavancea miwHirauuii 



These power FETs are designed especially for off-line switching regulators, converters, 
solenoid and relay drivers. 



FEATURES 

■ High Voltage 

■ No Second Breakdown 

■ High Input Impedance 

■ Internal Drain-Source Diode 

■ Very Rugged: Excellent SOA 

■ Extremely Fast Switching 

BENEFITS 

■ Reduced Component Count 

■ Improved Performance 

■ Simpler Designs 

■ Improved Reliability 



Product Summary 



Part 
Number 


BV 0SS 


"DS(ON) 


Id 


Package 












IRF350 


400V 


0.3O 


15A 


TO-3 


IRF351 


350V 


IRF352 


400V 


0.4O 


13A 


IRF353 


350V 



ABSOLUTE MAXIMUM RATINGS (T C = 25°C unless otherwise noted) 

Drain Current 

Pulsed (80|iS to 300ms, 1 % duty cycle) ±60A 

Gate Current (Peak) ± 3A 

Gate-Source Voltage ±40V 

Total Power Dissipation 150W 

Linear Derating Factor 1.2W/°C 



Drain-Source Voltage 

IRF350 400V 

IRF351 350V 

IRF352 400V 

IRF353 350V 



Drain-Gate Voltage 

IRF350 400V 

IRF351 350V 

IRF352 400V 

IRF353 350V 

■ 

Drain Current Continuous 

IRF350, 351 ,., ± 15A 

IRF352.353 ± 13A 



Operating and Storage 
Temperature 



-55°Cto + 150"C 



PACKAGE DIMENSIONS 

0.87S 

rl22.225)-^\ 
MAX 



0.450 11 1 43) 
0.250 16.35) 



0.135 | 

13.429) 



T 

SEATING 
PLANE 



_U o«3 <i092>\ £JW 

^[[^0 038 '0 9651 MIN 



0.67S 11 7 145) 
0655 116.637) 



440 til 176) 

0.420 (Jaeesi 



1.197 130404) 
" 1.177 (29896) "* 




TT 

0.225 (5-715) 
0.205 ,5207, BOTTOMV1E ^»« 

TO-3 



0.161 I4 089i 
0.151 13 835, 



PIN 1 — Gate 
PIN 2 - Source 
CASE - Drain 




ELECTRICAL CHARACTERISTICS (T C =25°C unless otherwise noted) 



Parameter 


Part 
Number 


Min 


Typ 


Max 


Unit 


Tes, Condition. 


Static 


_., Drain-Source Breakdown 
°«dss voltage 


IRF350 
IRF352 


400 






V 


V GS = 0, f D = 250>A 


IRF351 
IRF353 


350 






V GS( , n| Gate Threshold Voltage 


All 


2.0 


3.2 


4.0 


V 


V DS= V GS> 'd= 1 mA 


l GSS Gate-Body Leakage 


All 




50 


±100 


nA 


V GS = ±20V, V DS = 


Zero Gate Voltage Drain 
DSS Current 


All 




0.1 


0.25 


mA 


V DS = Rated V DS , V GS = 

V DS = Rated V DS , V GS = 0, T c = 125 °C 




0.2 


1.0 


l D(0(1) On-State Drain Current 


All 


15 






A 


V DS = 25V,V GS = 10V (Note 1) 


Static Drain-Source On-State 
foston) Resistance 


IRF350 
IRF351 




0.25 


0.3 





V GS = 10V, l D = 8A (Note 1) 


IRF352 
IRF353 




0.3 


0.4 


Dynamic 


g, s Forward Transconductance 


All 


8 


9.0 




S 


V DS = 100V, l D = 8A(Note 1) 


C ISS Input Capacitance 


All 




2500 


3000 


pF 


v gs = °. V DS = 25V, f= 1 MHz 

; 


C oss Output Capacitance 




400 


600 


C rss Reverse Transfer Capacitance 




100 


200 


l<j(on| Turn-On Delay Time 


All 




25 


35 


ns 




t r Rise Time 


All 




50 


65 


V DD = 200V, I D ; 8 A. R L = 25S, R„ = 5Q 
(Fig- D 


>d(ofi) Turn-Off Delay Time 


All 




75 


150 


t| Fall Time 


All 




50 


75 


Drain-Source Diode Characteristics 


V SD Forward On Voltage 


All 




-1.5 




V 


l s =-15AV GS = 0(Note1) 


t rr Reverse Recovery Time 


All 




400 




ns 


l F = -15A, V GS = 0, di/dt = 100A/us (Fig. 2) 


Note 1: Pulse test — 80 11S to 300 /is, 1% duty cycle 



TEST CIRCUITS 



FIGURE 1 Switching Test Circuit 



FIGURE 2 JEDEC Reverse Recovery Circuit 



IN V DD 
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r 
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~i 



-wv 



_ (_ + 5 TO 50/jF 
IN4933 ii S llPK)*"!" 51 




P.W. - 1 (js 
DUTY CYCLE = 1% 







di/dt Adjust 
(I -27 uH) 



IRP420 
IRF820 



IRF421 
IRF821 



IRF422 
IRF822 



IRF423 
IRF823 



Siliconix 



500V 



N-Channel Enhancement Mode 



MOSPOWER 



Advanced Information 



These power FETs are designed especially for off-line switching regulators, converters 
solenoid and relay drivers. Product Summary 

— — — 

FEATURES 

■ High Voltage 

■ No Second Breakdown 

■ High Input Impedance 

■ Internal Drain-Source Diode 

■ Very Rugged: Excellent SOA 

■ Extremely Fast Switching 

BENEFITS 

■ Reduced Component Count 

■ Improved Performance 

■ Simpler Designs 

■ Improved Reliability 





Part 
Number 


BV DSS 


RdS{ON) 


Id 


Package 


IRF420 


500V 


3Q 


2.5A 






IRF421 


450V 


TO-3 




IRF422 


500V 


4Q 


2.0A 












IRF423 


450V 










IRF820 


500V 


3fi 


2.5A 






IRF821 


450V 


TO-220AB 




IRF822 


500V 






IRF823 


450V 


4Q 


2.0A 





ABSOLUTE MAXIMUM RATINGS (Tc = 25°C unless otherwise noted) 



Drain-Source Voltage 

IRF420, 422 500V 

IRF820, 822 

IRF421, 423 •■■ 450V 

IRF821.823 

Drain-Gate Voltage 

IRF420, 422 

IRF820, 822 

IRF421, 423 

IRF821, 823 

Drain Current Continuous 

IRF420.421 

IRF422.423 



500V 
450V 



::::::::::::::;2:oa 



Drain Current 

Pulsed (80jis to 300|*s, 1 % duty cycle) ± 10A 

Gate Current (Peak) ± 1A 

Gate-Source Voltage ±40V 

Total Power Dissipation 40 W 

Linear Derating Factor 0.32 W/°C 

Operating and Storage 
Temperature '.. -55°C to + 150°C 



PACKAGE DIMENSIONS 

0.875 

r<22.225!-~-\ 
MAX 



0.450 
0.250 



lit 431 

(6.35) 



0.135 

13.429) 

1 




0.440 11 
420 HO 6681 



PIN 1 — Gate 
PIN 2 — Source 
CASE — Drain 



TO-3 



0B0 fZO* 

"s a 9: 

L 



\ I -r 




pin 1 - G»te TO-220AB 

PIN 2 & TAB — I 
PIN 3 — Source 



Parameter 


Part 
Number 


Mm 


Typ Max | Unit | Test Conditions 


Static 


f""l ra in-^m i rra Rrpakrinwn 
uiqmi ouuiue di carvuuwi i 

DSS Voltage 


IRF420, 820 
IRF422, 822 


500 






V 


Vgs = 0, l D = 250uA 


IRF421, 821 
IRF423. 823 


450 






v gs(»i) Gate Threshold Voltage 


All 


2.0 


3.3 


4.0 


V 


Vds = V gs , Id= 1 mA 


l GSS Gate-Body Leakage 


All 




10 


±100 


nA 


V GS = ± 20V, V DS = 


Zero Gate Voltage Drain 

DSS ^,,„ an t 

ourreni 


All 




0.1 


0.25 


mA 


V DS = 0.8 Rated V DS V QS = 

V DS = Rated V DS V GS = 0, T c = 125°C 




0.2 


1.0 




























l D(on) On-State Drain Current 


All 


2.5 






A 


V DS = 25V, V GS = 10V (Note 1) 


Static Drain-Source On-State 
r DS<on> Resistance 


IRF420, 820 
IRF421. 821 




2.5 


3.0 


i 


V GS = 10V, l = 1A(Note 1) 


IRF422. 822 
IRF423, 823 




3.0 


4.0 


Dynamic 


g fs Forward Transconductance 


All 


1.0 


1.75 




S 


V DS = 25V, l D = 1A (Note 1) 


C ISS Input Capacitance 


All 




300 


400 


pF 


V GS = 0, V ds =25V, f=1 MHz 


C oss Output Capacitance 




75 


150 


C rss Reverse Transfer Capacitance 




20 


40 


'd(on) Turn-On Delay Time 


All 




30 


60 


ns 


V DD = 250V, l D «1A, R L =240C), R g =50Q. 
V GS =10V(Fig. 1) 


t r Rise Time 


All 




25 


50 


•dloffi Turn-Off Delay Time 


AM 




30 


60 














t, Fall Time 


All 




15 


30 


Drain-Source Diode Characteristics 


V SD Forward On Voltage 


All 




-1.0 




V 


l s = -2.5A V GS = 0(Note1) 


t rr Reverse Recovery Time 


All 




200 




ns 


l F = -2.5A, V GS = 0, di/dt = 100A/us (Fig. 2) 


Note 1: Pulse test — 80 M s to 300 M s, 1% duty cycle 

i 

TEST CIRCUITS 
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FIGURE 1 Switching Test Circuit 



FIGURE 2 JEDEC 



Reverse Recovery C.rcu., 



V IN V DD 



-Wr 




I | CIRCUIT _ 
PULSE ' ' UNOER 
|_GENERATORj |_TEST^ 

P.W. - 1 (is C s < 50 pF 

DUTY CYCLE " 1% 



_£ + 5TO50uF 
3*1 '(PK)** 5 ' 



di/dt Adjust 
(' -27/uH) 



IN4001 

— M— 



R I 0.25 
L S 0.01uH 



FROM TRIGGER CKT 



I SCOPE 

»*8 - 
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500V 



N-Channel Enhancement Mode 

MOSPOWER 



These power FETs are designed especially for offline switching regulators, converters, 
solenoid and relay drivers. 



FEATURES 

■ High Voltage 

■ No Second Breakdown 

■ High Input Impedance 

■ Internal Drain-Source Diode 

■ Very Rugged: Excellent SOA 

■ Extremely Fast Switching 

BENEFITS 

■ Reduced Component Count 

■ Improved Performance 

■ Simpler Designs 

■ Improved Reliability 



Product Summary 













Part 
Number 


BV DSS 


r DS(ON| 


Id 


Package 


IRF430 


500V 


1.50 


4.5A 


TO-3 


IRF431 


450V 


IRF432 


500V 


2.00 


4A 


IRF433 


450V 


IRF830 


500V 


1.50 


4.5A 


TO-220AB 


IRF831 


450V 


IRF832 


500V 


2.00 


4A 


IRF833 


450V 



3o-l 



ABSOLUTE MAXIMUM RATINGS (T C = 25°C unless otherwise noted) 



Drain-Source Voltage 

IRF430, 432, 830. 832 500V 

IRF431.433, 831,833 450V 

Drain-Gate Voltage 

IRF430, 432, 830, 832 500V 

I RF431 , 433, 831 , 833 450V 

Continuous Drain Current, T C = 25°C 1 

IRF430, 431, 830, 831 ± 4.5A 

IRF432, 433,832, 833 ±4A 



Pulsed Drain Current 2 ±18A 

Gate-Source Voltage ±40V 

Maximum Power Dissipation 75W 

Linear Derating Factor 0.6W/°C 

Operating and Storage Temperature -55to150°C 

Notes: 

1. Limited by package dissipation. 

2. Pulse test— 80fis to 300(js, 1% duty cycle. 




PACKAGE DIMENSIONS 

0.875 

r( 22225} 
MAX 



0.450 f 11.43) 
0.250 (6.35/ 



0.135 , 

13.429) 



i r 



T 



SEATING 
PLANE 



0.675 (1 7.145) 
0.655 (T6.637) ' 



.043 If. 092) 1 
!038 (0.965) 



0.312 

(7.9251 
MIN 



1 



0.440 (11.176) t 



1.197 130.404) 
""1.177 (29.896) H 



0.420 (10.668) 

0.225 (5.715) 



0.205 15.207) 



PIN 1 - Gate 
PIN 2 — Source 
CASE - Drain 




BOTTOM VIEW M3.335) 
TO-3 



(TO-3) 



M0 ,104) 

.us jBm 



PIN 1 — Gate 

PIN 2 & TAB — Drain 

PIN 3 - Source 



TO-220AB 
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ELECTRICAL CHARACTERISTICS (T c = 25°C unless otherwise noted) 



Parameter 


Part 
Number 


Min 


Max 


Unit 


Test Conditions 


Static 


BV DSS Drain-Source Breakdown 


IRF430, 2 
IRF830, 2 


500 




V 


- 

V GS = 0,lp = 250.A 


IRF431, 3 
IRF831, 3 


450 




v GS(th) Gate Threshold Voltage 


All 


2 


4 


Vds = v gs. Io= 1 mA 


l GSS Gate-Body Leakage 


All 




±100 


nA 


V GS = ±20V, V DS = 


l DSS Zero Gate Voltage Drain Current 


All 




0.25 


niA 


V DS = Rated V DS , V GS = 




1.0 


V DS = Rated V DS , V GS = 0, T c =125 C 


^on) On-State Drain Current 


IRF430, 1 
IRF830, 1 


4.5 




A 


V DS = 25V, V GS = 10V (Note 1) 


IRF431, 3 
IRF831, 3 


4.0 




Static Drain-Source On-State 
r DS(on) Resistance 


IRF430, 1 
IRF830, 1 




1.5 


t! 


V GS = 10V,, D = 2.5A (Notel, 


IRF432, 3 
IRF832, 3 




2.0 




g fs Forward Transconductance 


All 


2.5 




S 


V DS = 100V, l D = 2.5A (Notel) 


C lss Input Capacitance 


All 




800 


pF 


V GS = 0, V DS = 25V,f=1 MHz 


C„ ss Output Capacitance 




200 


C rS s Reverse Transfer Capacitance 




60 


'd(on) Turn-On Delay Time 


All 




30 


ns 


Vp D = 200V, l D =2.5A, R L =80S, R g = 10Q 


t r Rise Time 


All 




30 


•dfoii) Turn-Off Delay Time 


All 




55 


t f Fall Time 


All 




30 


Drain-Source Diode Characteristics 






Typ 






V SD Forward On Voltage 


All 


-1.2 


V 


l s = -4.5A V GS = (Notel) 


t rr Reverse Recovery Time 


All 


400 


ns 


l F =l R = -4.5A,V GS = 0(Fig.2) 



73 73 
Tl TI 

COS* 
COCO 

oo 



TOXJ 
-n -n 

COCO 



TO 73 

Tl Tl 

COCO 

ro ro 



K3 73 

Tl Tl 
OO £k 
COCO 

coco 



Note: 

1. Pulse test: 80 pS-300 ,is, 1% duty cycle. 

TEST CIRCUITS 

FIGURE 1 Switching Test Circuit 



Refer to VNDA50 Design Curves (See Section 4) 



FIGURE 2 JEDEC Reverse Recovery Circuit 



"IN V DD 



r 




. "9 



CIRCUIT 
UNDER 



[GENERATORj |_TESJ_ _ | 

C s < 50 pF 



P.W. = 1 ia 
DUTY CYCLE - 1% 



- 




FROM TRIGGER CKT 



IRF440 - IRF441 ■ IRF442 ■ IRF443 
IRF840 ■ IRF841 ■ IRF842 ■ IRF843 



Siliconix 



500V 



N-Channel Enhancement Mode 

MOSPOWER 



Advanced Information 



Part 
Number 



^DSION) 



Package 



IRF440 



500V 



IRF441 



450V 



0.85Q 



IRF442 



500V 



TO-3 



IRF443 



450V 



1.10Q 



7.0A 



These power FETs are designed especially for off-line switching regulators, converters, 
solenoid and relay drivers. Product Summary 

FEATURES 

■ High Voltage 

■ No Second Breakdown 

■ High Input Impedance 

■ Internal Drain-Source Diode 

■ Very Rugged: Excellent SOA 

■ Extremely Fast Switching 

BENEFITS 

■ Reduced Component Count 

■ Improved Performance 

■ Simpler Designs 

■ Improved Reliability 



IRF840 



IRF841 



— 



IRF842 



500V 



450V 



0.85Q 



1.10Q 



7.0A 



TO-220AB 




ABSOLUTE MAXIMUM RATINGS (T C = 25°C unless otherwise noted) 

Drain Current 

Pulsed (80 M s to 300ms, 1 % duty cycle) ± 32A 



Drain-Source Voltage 

IRF440.442, 840, 842 500V 

IRF441 , 443, 841 , 843 450V 

Drain-Gate Voltage 

IRF440, 442, 840, 842 500V 

IRF441, 443, 841,843 450V 



Drain Current Continuous 

IRF440, 441,840, 841 ± 8A 

IRF442, 443, 842, 843 ± 7A 



Gate Current (Peak) ±3A 

Gate-Source Voltage ±40V 

Total Power Dissipation 125W 

Linear Derating Factor 1.0 W/°C 

Operating and Storage 
Temperature -55° C to + 1 50° C 

Notes: 

1. Limited by package dissipation. 



PACKAGE DIMENSIONS 



0.875 

r 122.225) *-| 
MAX 



0.450 i i ; 43 > 
0.250 I6.3S) 



SEATING 
PLANE 

0.67S 117.145) 



043 
0038 
1.197 130.4041 
K 1. 177 (29.8961 " 



110927} 

10905) um 




0.161 14.0891 
0.151 13.8351 



BOTTOM VIEW 113.335) 



PIN 1 - Gate TO-3 
PIN 2 - Source 
CASE - Drain 



.ns (29; 

t 



PIN 1 - Gate TO-220AB 

PIN 2 & TAB — Drain 
PIN 3 - Source 
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Siliconix 



Drain-Source Breakdown 
BV ° SS Voltage 


IRF440, 442 
IRF840, 842 


500 






V 


v gs = °. Id = 250|jA 


IRF441.443 
IRF841, 843 


450 






v GS(ihi Gale Threshold Voltage 


All 


2.0 


3.3 


4.0 


V 


Vds = v gs. I D = 1 mA 


l GSS Gate-Body Leakage 


All 




10 


±100 


nA 


V GS = ±20V, V DS = 








0.1 


0.25 




V DS = RatedV DS V GS =0V 


. Zero Gate Voltage Drain 
Current 




All 




mA 




0.2 


1.0 


V DS = Rated V DS V GS = 0V, T c = 125°C 


taioni On-State Drain Current 




All 


8.0 






A 


V DS = 25V, V GS = 10V (Note 1) 




IRF440, 441 




0.8 


0.85 


SI 


V QS = 10V, l D = 4A(Note 1) 


Static Drain-Source On-State 
rDSion) Resistance 


IRF840, 841 




IRF442, 443 
IRF842, 843 




1.00 


1.10 




Dynamic 


g )s Forward Transconductance 


All 


4.0 


6.5 




S 


V DS = 25V, l D =4A (Note 1) 


C lss Input Capacitance 


All 




1225 


1600 


pF 


Vqs = 0, V DS = 25V, f = 1 MHz 


C oss Output Capacitance 




200 


350 


C rss Reverse Transfer Capacitance 




85 


150 




I 


•dion) Turn-On Delay Time 


All 




17 


35 


ns 


V DD = 200V,I D ~4A, R L = 50Q, R g = 10O 
V GS =10V (Fig. 1) 


t, Rise Time 


All 




5 


15 


•d(ofi) Turn-Off Delay Time 


All 




42 


90 


t| Fall Time 


All 




14 


30 


Drain-Source Diode Characteristics 


V SD Forward On Voltage 


All 




-2.0 




V 


l s = -8A, V GS = 0(Note 1) 


t rr Reverse Recovery Time 


All 




800 




ns 


l F = -8A, V GS = 0, di/dt = 100A/ M s (Fig. 2) 


Note t: Pulse test — 80 ,iS to 300 (<s, 1% duty cycle 

TEST CIRCUITS 



TO 70 
TI Tl 



X) 



FIGURE 1 Switching Test Circuit 



FIGURE 2 JEDEC Reverse Recovery Circuit 




PULSE 



O V OUT 



-WV 



o 



CIRCUIT 
UNDER 

LGENERATORJ QEST 1 

P.W. ■ 1 „s C s « 50 pF 

DUTY CYCLE * 1% 



4000mF : 



(_+ 5TO50«F 
IN4933 I I . '(Pk) Ad i ust 



H4t 



di/dl Adjust 
(1 -27yH) 



IN4001 

— w- 



R % 25 
L S 0.01uH 



FROM TRIGGER CKT 
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These power FETs are designed especially for off-line switching regulators, converters, 
solenoid and relay drivers. 



FEATURES 

■ High Voltage 

■ No Second Breakdown 

■ High Input Impedance 

■ Internal Drain-Source Diode 

■ Very Rugged: Excellent SOA 

■ Extremely Fast Switching 

BENEFITS 

■ Reduced Component Count 

■ Improved Performance 

■ Simpler Designs 

■ Improved Reliability 



Product Summary 



Part 
Number 


BV DSS 


Rds<on) 


Id 


Package 


IRF450 


500V 


0.4Q 


13A 


TO-3 


IRF451 


450V 


IRF452 


500V 


o.sa 


12A 


IRF453 


450V 



ABSOLUTE MAXIMUM RATINGS (T C = 25°C unless otherwise noted) 

Drain Current 

Pulsed (80)js to 300pis, 1 % duty cycle) 

Gate Current (Peak) 

Gate-Source Voltage 

Total Power Dissipation 

Linear Derating Factor 

Operating and Storage 



Drain-Source Voltage 

IRF450 500V 

IRF451 450V 

IRF452 500V 

IRF453 450V 

Drain-Gate Voltage 

IRF450 500V 

IRF451 : 450V 



. . . . + 52A 

±3A 

.... ±40V 
... 150W 
1.2W/-C 



IRF452 500V 

IRF453 450V 

Drain Current Continuous 

IRF450.451 ±13A 

IRF452.453 ± 12A 



Temperature 55°C to + 150°C 



PACKAGE DIMENSIONS 

0.875 

r 122.225) -*-] 
MAX 



MAX 



13.4291 



0-450 ( 1 1.43) 
0.250 (6.35!~ 



T 



SEATING 
PLANE 



0.675 117. 1451 



0.043 11.092) 



1.197 130.404) 
h 1.177 (29.896) * 





PIN 1 - Gate 
PIN 2 — Source 
CASE - Drain 
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Siliconix 



ELECTRICAL CHARACTERISTICS (T C =25°C unless otherwise noted) 



Parameter 


Part 
Number 


Min 


Typ 


Max 


Unit 


Tea t Conditions 


Static 


Drain-Source Breakdown 
bV ° ss Voltage 


IRF450 
IRF452 


500 






V 


V GS = 0, l D = 250 M A 


IRF451 
IRF453 


450 






v GS<th) Ga,e Threshold Voltage 


All 


2.0 


3.2 


4.0 


V 


v os= v gs. b= 1 mA 


l GSS Gate-Body Leakage 


All 




50 


±100 


nA 


V GS = ±20V, V DS = 


Zero Gate Voltage Drain 
'dss Current 


All 




0.1 


0.25 


mA 


V DS = 0.8 Rated V DS V GS =0 

V os = Rated V DS , V GS = 0, T c = 125 C 




0.5 


1.0 


'oion) On-State Drain Current 


All 


13 






A 


V D8 = 25V, V QS = 10V (Note 1) 


Static Drain-Source On-State 
r »s«w» Resistance 


IRF450 
IRF451 




0.3 


0.4 


a 


V GS = 10V, l D = 7A (Notel) 


IRF452 
IRF453 




0.4 


0.5 


Dynamic 


g (s Forward Transconductance 


All 


6 


10 




S 


V DS = 25V, l D = 7A (Note 1) 


C iss Input Capacitance 


All 




2000 


3000 


pF 


V GS = 0, V DS =25V, f=1 MHz 


C oss Output Capacitance 




400 


600 


Orss Reverse Transfer Capacitance 






100 


200 




td(on) Turn-On Delay Time 


All 




40 


35 


ns 




V DD = 210V, l D = 7A, R L =302, R g = 10S 

(Fig. 1) 


t r Rise Time 


All 




60 


50 


•d(off) Turn-Off Delay Time 


All 




200 


150 


t, Fall Time 


All 




90 


70 


Drain-Source Diode Characteristics 


V SD Forward On Voltage 


All 




-1.3 




V 


l s = -13A,V GS = 0(Note 1) 


t rr Reverse Recovery Time 


All 




400 





ns 


l F = -13A, V GS = 0, di/dt = 100A/^s (Fig. 2) 



TO 
-n 

6 

■ 

TO 

i 

ro 



Note 1: Pulse test — 80 (<s to 300 ^s, 1% duty cycle 

TEST CIRCUITS 



FIGURE 1 Switching Test Circuit 







FIGURE 2 JEDEC Reverse Recovery Circuit 

■Wv o » npr^_ 




P.W. - 1 (is 
DUTY CYCLE - 1% 



2-33 



VNL001A ■ VNM001A ■ VNN002A ■ VNP002A 



500V 



N-Channel Enhancement Mode 

MOSPOWER 



Siliconix 



These power FETs are designed 
solenoid and relay drivers. 

FEATURES 

■ 200°C Rating 

■ High Voltage 

■ No Second Breakdown 

■ High input Impedance 

■ Internal Drain-Source Diode 

■ Very Rugged: Excellent SOA 

■ Extremely Fast Switching 

BENEFITS 

■ Reduced Component Count 

■ Improved Performance 

■ Simpler Designs 

■ Improved Reliability 



;ially for offline switching regulators, converters, 
Product Summary 



Part 
Number 


PRO ELECTRON 
Part Number 


BV DSS 


"DS(on) 


Id 


Package 


VNL001A 


BUP68 


350V 


M 


8A 




VNM001A 


BUP69 


400V 


TO-3 


VNN002A 


BUP70 


450V 


1.50 


6.5A 


VNP002A 


BUP71 


500V 
















e 









ABSOLUTE MAXIMUM RATINGS (Tc = 

Drain-Source Voltage 

VNL001A 350V 

VNM001A 400V 

VNN002A 450V 

VNP002A , 500V 

Drain-Gate Voltage 

VNL001A 350V 

VNM001A 400V 

VNN002A 450V 

VNP002A 500V 

Drain Current 
Continuous 1 

VNL001A,VNM001A ±8.0A 

VNN002A.VNP002A ±6.5A 



25°C unless otherwise noted) 

Pulsed 2 

VNL001A, VNM001A 



± 16A 



VNN002A, VNP002A ± 10A 

Gate Current (Peak) ±3A 

Gate-Source Voltage ± 40V 

Total Power Dissipation 175W 

Linear Derating Factor 1.0W/°C 

Storage and Junction 
Temperature - 55 to 200 °C 

Notes: 

1. Limited by package dissipation. 

2. Pulse test— 80(iS to 300 M s, 1 % duty cycle. 



PACKAGE DIMENSIONS 

0.B75 
122.225) -*-\ 
MAX 



0.450 (It 43 l 
0.250 (6 351 




PIN 1 - Gate 
PIN 2 — Source 
CASE - Drain 
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Olclll 



BV DSS Drain-Source Breakdown 


VNL001 A 


350 




y 


V GS — u - >D — 1 mM 


VNM001A 


400 




VNN002A 


450 




VNP002A 


500 




V GS(lh) 


Gate Threshold Voltage 


All 


3 


6 




V G s= v os. I =1 mA 


'gss 


Gate Body Leakage 


All 






100 


nA 


V GS =30V, V DS = 


loss 

jj, . r, 




Zero Gate Voltage Drain Current 


All 




1 

2.5 


mA 


V DS = Rated V DS , V GS = 

V DS = Rated V 0S , V GS = 0, T c = 150'C 




VNL001 A 




,2 


V 


V GS = 10V, l D = 2A (Notel) 


V DS(on) 


Drain-Source Saturation Voltage 


VNM001 A 


VNNUUVA 




3 


; 




VNP002A 




VNL001 A 




1 


q' I 


V GS = 10V, l D = 2A (Note 1) 


r DS(on) 


Drain-Source On Resistance 


VNM001 A 


VNN002A 
VNP002A 




1.5 




On-State Drain Current 


All 


8 




A 


V DS = 30V, V GS = 10V (Note 1) 






Dynamic 









9fs 


Forward Transconductance 


All 


2.5 




mS 


V DS =30V, l D =2A (Note 1) 














c iss 


input Capacitance 


All 




1000 


PF 


V GS = 0, V DS = 30V.f=1MHz 


Crss 


Reverse Transfer Capacitance 


All 




40 


Coss 


Common-Source Output Capacitance 


All 




220 


'd(on) 


Turn-On Delay Time 


All 




50 


ns 


V DD = 200V, l D =2A, R L = 1002, R g = 10S, 
(Figure 1) 


tr 


Rise Time 


All 




50 


'd(olf) 


Turn-Off Delay Time 


All 




100 


t. 


Fall Time 


All 




100 




Drain-Source Diode Characteristics 








Typ 






V S D 


Forward On Voltage 


All 


-1.2 


V 


l s = -4A,V GS = 0(Note1) 


1„ 


Reverse Recovery Time 


All 


400 


ns 


l F =l R = 4A, V GS =0 (Figure 2) 


Note: 








Re 


fer to VNDA / 200°C Design Curves (See Section 4) 


1. Pulse test— 80ms to 300us. 1% duty cycle. 























TEST CIRCUITS 

FIGURE 1 Switching Test Circuit 



FIGURE 2 JEDEC Reverse Recovery Circuit 



'in v c 
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r 




. "8 



[GENERATORj [_TESJ_ 



CIRCUIT _ 
UNDER 



-p c s 

J 

I 



-VA- 



-Ov OUT 



(_+ 5TO50HF 
IN4933 \ I 3 ■»_ l(PK}Ad|ust 



P.W. - 1 jjs 

DUTY CYCLE = 1% 



C s < 50 pF 



_npr"n- 



di/dt Adjust 
(1 -27«H) 



IN4001 

— M— 



IN4723 



FROM TRIGGER CKT 



R < 0.25 Q 
L < 0.01uH 



Siliconix 
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OUV MOSPOWER 



These power FETs are designed especially for low power high frequency inverters, 
interface to CMOS and TTL logic, and line drivers. 



FEATURES 

■ High Input Impedance 

■ Extremely Fast Switching 

■ Rugged — Dissipation Limited SOA 

■ Internal Drain-Source Diode 

BENEFITS 

■ Reduced Component Count 

■ Simpler Designs 

— Directly Interfaces CMOS & TTL 

■ Improved Circuit Performance 

■ Increased Reliability 



Product Summary 



Part Number {JJjjjjj 


Rds(on) 
(Ohms) 


Package 


VN10KE 60 


5 


TO-52 


VN10LE 60 


5 


TO-52 







30 I ijS 



GO — 

S 

VN10LE 



ABSOLUTE MAXIMUM RATINGS (T A = 

Drain-Source Voltage 60V 

Drain-Gate Voltage 60V 

Gate Current (Peak) 100 mA 

Gate-Source Voltage 

VN10KE + 15V, -0.3V 

VN10LE ±40V 

Drain Current 

Continuous 1 ±0.2A 

Pulsed 2 ±1A 





25° C unless otherwise noted) 

Maximum Dissipation at 25°C Case 0.315W 

Linear Derating Factor 2.5 mW/°C 

Operating and Storage 
Temperature -55°Cto +150°C 

Lead Temperature 
(1/16" from Case for 10 sees) . . +300°C 



Notes: 

1. Limited by package dissipation. 

2. Pulse test— 80ms to 30CVs, 1 % duty cycle. 





PACKAGE DIMENSIONS 




PIN 1 — Source 

PIN 2 - Gate 

PIN 3 & CASE - Drain 




10.406! 

ALL DIMENSIONS IN INCHES. 

IALL DIMENSIONS IN MILLIMETERS.) 

TO-52 



10.9141 
^ .« 

BOTTOM VIEW 



awconix 



ELECTRICAL CHARACTERS 


CS (T C =25°C unles! 


i otherwise noted) 


Parameter 


Part 
Number 


Min 


Max 


Unit 


Test Conditions 


Static 


BV DSS Drain-Source Breakdown 


All 


60 




V 


l D = 100 ;xA, V GS = 


v GS(th) Gate Threshold Voltage 


All 


0.8 


2.5 


V DS= V GS. 'd= 1 mA 


l GSS Gate-Body Leakage 


VN10KE 




100 


nA 


V GS =15V, V DS =0 


VN10LE 




100 


V GS =30V, V DS = 


l DSS Zero Gate Voltage Drain Current 


All 




10 




V DS =50V, V GS = 


'Dion) ON-State Drain Current 


All 


0.75 




A 


V DS = 15V, V GS = 10V (Notel) 


v DS(on) Drain-Source Saturation Voltage 


All 




1.5 


V 


V GS = 5V, l D = 0.2A (Note 1) 




2.5 


V GS = 10V, l D = 0.5A (Notel) 




Static-Drain-Source ON-State 
r DS(on) Resistance 


All 




7.5 


G 


V GS = 5V, l D = 0.2A (Note 1) 




5.0 


V GS =10V, l D = 0.5A(Note 1) 


Dynamic 




g (s Forward Transconductance 


All 


200 




mS 


V DS =15V, l D = 0.5A(Note 1) 


C| SS Input Capacitance 


All 




60 


PF 


V DS = 25V, f = 1 MHz 


C rss Reverse Transfer Capacitance 




5 


c Common Source Output 
° ss Capacitance 




25 


t ON Turn-ON Time 


All 




10 


ns 


V D0 =15V, R L = 23Q, R g = 25Q, l D = 0.6A 


t OFF Turn-OFF Time 


All 




10 


Drain-Source Diode Characteristics 






Typ 






V SD Forward ON Voltage 


All 


-0.85 


V 


l s = -0.5A, V GS = 0(Note 1) 


t rr Reverse Recovery Time 


All 


160 


ns 


V GS = 0, l F =l R = 0.5A 


Note: Refer to VNML ■ VNMK Design Curves (See Section 4) 

1. Pulse test: 80-300 ,.s, 1% duty cycle. 

TEST CIRCUITS 

FIGURE 1 Switching Test Circuit FIGURE 2 JEDEC Reverse Recovery Circuit 
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O 
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o 
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I j CIRCUIT — 
PULSE 1 1 UNDER 
|_GENERATORj |_TEST _ | 

P.W. - 1 us Cc < BO pF 

DUTY CYCLE - 1% 



(_* 5TO50 M F 
5*. l(PK) Al W' st 



di/d! Adjust 
(1 -27tiH) 



I, 



IN4001 

— w- 



JUuJ^ 4 



R < 0.25 Q 
L S OIjjH 



FROM TRIGGER CKT 



Siliconix 



VN10KM ■ VN10LM ■ VN2222KM ■ VN2222LM 

60V 



N-Channel Enhancement Mode 

MOSPOWER 



These power FETs are designed especially for low power high frequency inverters, inter- 
face to CMOS and TTL logic, and line drivers. 



FEATURES 

■ High Input Impedance 

■ Extremely Fast Switching 

■ Rugged — Dissipation Limited SOA 

■ Internal Drain-Source Diode 

■ Low Cost Package 

BENEFITS 

■ Reduced Component Count 

■ Simpler Designs 

— Directly Interfaces CMOS & TTL 

■ Improved Circuit Performance 

■ Increased Reliability 



Product Summary 



Part 
Number 


PRO ELECTRON 
Part Number 


BV DSS 
(Volts) 


"DS(on) 
(Ohms) 


Package 


VN10KM 




60 


5 


TO-237 


VN10LM 


BSR65 


60 


5 


TO-237 


VN2222KM 




60 


7.5 


TO-237 


VN2222LM 


BSR64 




60 


7.5 


TO-237 



D 

J 



VN10KM 
VN2222KM 



VN10LM GO— I 
VN2222LM 



ABSOLUTE MAXIMUM RATINGS (T A = 25°C unless otherwise noted) 

.60V Maximum Dissipation 

at25°C ...1W 

Linear Derating Factor 8mW7°C 

Operating and Storage 
Temperature -55°C to +150°C 

Lead Temperature 
(1/16" from Case for 10 sees) . . +300°C 





Drain-Gate Voltage 60V 

Gate Current (Peak) ± 400m A 

Gate-Source Voltage 

VN10KM, VN2222KM. . . . + 15V, - 0.3V 
VN10LM, VN2222LM ± 40V 

Drain Current 

Continuous 1 

VN10KM, VN10LM ±0.3A 

VN2222KM, VN2222LM ±0.25A 

Pulsed 2 ±1A 



Notes: 

1. Limited by package dissipation. 

2. Pulse test— 80pis to 300f<s, 1% duty cycle. 



PACKAGE DIMENSIONS 



0.205 15.21) 
3.195 14 95) 



0.270 16.86) " 
0.260 (6.60) 
0.185 



14.70) 
14.45) 



SEATING 
PLANE 



0.105 12.67) 
0.035 12.41) 



0.166 (4.70) 
0.175 (4.451 



0.166 

14. 190) 



0.105 
0.095 



0.105 (2.67) 
0.080 (2.03) 



q <t> II ■ * 

(2 - 4 "-J{ 1_0_055 ft 



0.145 (3.68) 
0.135 (3.43) 



1.40) 
0.045 (1. 14) 

i DIA. IS \ 
REQUIRED WITHIN 
(5-720) \0.016 (0.41) THIS DISTANCE. / 



PIN 1 - Source 

PIN 2 - Gate 

PIN 3 & TAB — Drain 



0.225 / 0.018 (0.48) 



0.250 

" (6.350) 



1 0.021 (0.53) 
\^0.016 (0.41) 



DIA. IS \ 
REQUIRED WITHIN 
THIS DISTANCE. / 




NOTE; 

LEADS SOLDER DIPPED OR TIN PLATED. 



TO-237 



ELECTRICAL CHARACTERISTICS (T C = 25°C unless otherwise noted) 





Parameter 


Part 
Number 


Min 


Max 


Unit 


Test Conditions 








Static 






BV DSS 


Drain-Source Breakdown 


All 


60 




V 


V GS = 0,I D =100,A 


V GS(lhl Gate Threshold Voltage 


VN10KM 
VN10LM 


0.8 


2.5 


V 


v ds = v gs. I D = 1 mA 


VN2222KM 
VN2222LM 


0.6 


2.5 


DV GSS 


Gate-Source Breakdown 


VN10KM 
VN2222KM 


10 




V 


V DS = 0, l G = 10 


'gss 


Gate Body Leakage 


AM 




100 


nA 


Vds = 0. V gs = 15V 


'dss 


Zero Gate Voltage Drain 
Current 


All 




10 


uA 

ftn 


v Qg — tJ v , v Qg — \J 




I 


All 




1.5 




V GS=5V, l D = 200 mA 
















V DS(on) 


Drain-Source Saturation Voltage 1 


VN10KM 
VN10LM 




2 5 


V 


V GS =10V, l = 500 mA 






VN2222KM 
VN2222LM 




3.75 






Static Drain-Source ON-State 
Resistance 1 


All 




7.5 




V GS = 5V, l D = 200 mA 


r DS(on) 


VN10KM 

V IN 1 ULrvl 




5.0 




V GS =10V, l D = 500 mA 




VN2222LM 




7.5 
















'D(on) 


ON-State Drain Current 


All 


0.75 




A 


V DS =15V, V GS =10V 








Dynamic 






Sfs 


Forward Transconductance 1 


All 


100 




mS 


V DS =15V, l D = 500 mA 


C iss 


Input Capacitance 






60 






c rss 


Reverse Transfer Capacitance 


All 




5.0 


PF 


, , . 9f>fi/joV 8!at)-nt6i' j 

V DS = 25V, V GS = 0, f=1 MHz 

tfe&T) tneiiuO stay 


^oss 


Common Source Output 
Capacitance 






25 


'on 


Turn-ON Time 


All 




10 


ns 


V DD = 15V, l D =0.6A, R L = 23£2, R g = 25S2 


•OFF 


Turn-OFF Time 


All 




10 



Drain-Source Diode Characteristics 







Typ 




■ 


V SD Forward ON Voltage 1 


All 


-0.85 


V 


l s = -1A, V GS = 


t rr Reverse Recovery Time 


All 


160 


ns 


V GS =0, l F = l R = 0.5A 


Note: 

1. Pulse test: 80-300 mS, 1% duty cycle. 






Refer to VNML/VNMK Design Curves (See Section 4) 


TEST CIRCUITS 











FIGURE 1. Switching Test Circuit FIGURE 2. JEDEC Reverse Recovery Circuit 




Siliconix 



2-39 



3DV MOSPOWER 



These power FETs are designed especially for low power high frequency inverters, 
interface to CMOS and TTL logic, and line drivers. 



FEATURES 

■ High Input Impedance 

■ Extremely Fast Switching 

■ Rugged— Dissipation Limited SOA 

■ Internal Drain-Source Diode 

BENEFITS 

■ Reduced Component Count 

■ Simpler Designs 

— Directly Interfaces CMOS & TTL 

■ Improved Circuit Performance 

■ Increased Reliability 



Product Summary 



Part Number BV DSS RDS(ON) p ac i, aae 
KartiMumDer (Vo|ts) (0hms) racxage 



2N6656 



35 



1.8 



TO-3 



VN35AA 



35 2.5 



TO-3 



GO— IP=J 



ABSOLUTE MAXIMUM RATINGS (T A = 

Drain-Source Voltage .35V 

Drain-Gate Voltage 35V 

Gate Current (Peak) ±1A 

Gate-Source Voltage ± 40V 

Drain Current 

Continuous 1 ±2A 

Pulsed 2 ±3A 

Maximum Dissipation at 25°C Case . . 25W 



25°C unless otherwise noted) 

Linear Derating Factor 200 mW/°C 

Operating and Storage 
Temperature -55°Cto +150°C 

Lead Temperature 
(1/16" from Case for 10 sees) . . +300°C 



Notes: 

1. Limited by package dissipation. 

2. Pulse test— 80>s to 300|js, 1% duty cycle. 



PACKAGE DIMENSIONS 




0.440 (J J. 1761 f 
0.420 (10 6681 



_ 0.161 14.089) 

"0.151 13.835) 
0.525 

BOTTOM VIEW " 3 33s > ' 



PIN 1 - Gate 
PIN 2 — Source 
CASE - Drain 




R MAX 



TO-3 



2-40 



BV DSS Drain-Source Breakdown Voltage 


All 


35 




. V . 


V GS =U, 'D= lu 


v Gs<ih| Gate Threshold Voltage 


All 


.8 


2.0 


— - 

V D s=V GS , l D =1 mA 


l GSS Gate-Body Leakage Current 


All 




100 


nA 


V GS =15V, V DS = 




500 


V GS = 15V, V DS = 0,T A = 125°C 


l DSS Zero Gate Voltage Drain Current 


All 




10 


nA 


V GS = 0, V DS = Max Rating 




500 


V G s = 0, V DS = 0.8 Max Rating, T A = 125°C 


'cKon) ON-State Drain Current 1 


All 


1.5 




A 


V DS = 25V, V GS =10V 




All 




1.5 


V 


V GS = 5V, l D = 0.3A 


v DS(on) Drain-Source ON-State Voltage 


VN35AA 




2.5 


V GS =10V, l D =1.0A 




2N6656 




1.8 




All 




5.0 




v gs = 5v . Id = 0-3A 


Drain-Source ON-State 
r ° s (°"> Resistance 1 




a 


2N6656 




1.8 


Vqs=10V, l D =1.0A 




VN35AA 




2.5 


Dynamic 


Small Signal Drain-Source 
'ds(on) ON-State Resistance 


2N6656 




1.8 


a 


V GS =10V, l D = 1.0A, f=1 kHz 


g fs Forward Transconductance 1 


All 


170 




mS 


V DS = 24V, l D = 0.5A 


C jss Input Capacitance 


All 




50 




V DS = 25V, V GS = 0, f=1 MHz 


C ras Reverse Transfer Capacitance 


All 




10 






PF 


Co** src: urceou,put 


All 




65 


t N Turn-ON Time 


All 




10* 


ns 


V DD = 25V, l D = 1A, R L = 232, R g = 252 


'off Turn-OFF Time 


All 




10* 



< 
z 



Typ 



Forward ON Voltage 1 



-0.9 



l s = -1A, V GS = 



Reverse Recovery Time 



35 



ns | V GS = 0, l F =l R =1.0A 



•JEDEC Devices specified at 5 ns max for each parameter t d(on) , t r , t d(off) , t t . 



Note: 

1. Pulse test: 80-300 lis, 1% duty cycle. 

TEST CIRCUITS 

FIGURE 1. Switching Test Circuit 



IN V DD 



Refer to VNMA Design Curves (See Section 4) 



FIGURE 2. JEDEC Reverse Recovery Circuit 




-wv- 



I j CIRCUIT _ I 
PULSE 1 1 UNDER 
|_GENERATORj |_TEST | 



p.w. - 1 m 

DUTY CYCLE - 1% 



C s « 50 pF 



jj+ 5T0 50 U F 
IN4933i I ^ - _ l ( pK)Adjust 



-+4- 




IN4001 

— w- 



FROM TRIGGER CKT 



LuolT 



R S 0.25 Q 
L < 0.01/jH 



2N6659 ■ VN35AB 



S 

Siliconix 



35V 



N-Channel Enhancement Mode 

MOSPOWER 



These power FETs are designed especially for low power high frequency inverters, 
interface to CMOS and TTL logic, and line drivers. 



FEATURES 

■ High Input Impedance 

■ Extremely Fast Switching 

■ Rugged— Dissipation Limited SOA 

■ Internal Drain-Source Diode 



Product Summary 



Par. Number ™™ Rjsjon) Rackage 



2N6659 



35 



1.8 



TO-39 



BENEFITS 

■ Reduced Component Count 

■ Simpler Designs 

— Directly Interfaces CMOS & TTL 

■ Improved Circuit Performance 

■ Increased Reliability 



VN35AE 



35 



2.5 



TO-39 



i i 



ABSOLUTE MAXIMUM RATINGS (T A =25°C unless otherwise noted) 



Drain-Source Voltage 35V 

Drain-Gate Voltage 35V 

Gate Current (Peak) ±1A 

Gate-Source Voltage ± 40V 

Drain Current 

Continuous 1 

2N6659 ±1.4A 

VN35AB ±1.2A 

Pulsed 2 ±3A 



Maximum Dissipation 
at 25 °C Case 6.25W 

Linear Derating Factor 50 mW/°C 

Operating and Storage 

Temperature -55°Cto +150°C 

■ j -i- 

Lead Temperature 
(1/16" from Case for 10 sees) . . +300°C 



Notes: 

1. Limited by pad 

2. Pulse test— 80 ( 



dissipation. 
300^,1% duty cycle. 



PACKAGE DIMENSIONS 




PIN 1 - Source 
PIN 2 - Gate 
PIN 3 & CASE - 



Drain 




BOTTOM VIEW 



2-42 



ELECTRICAL CHARACTERISTICS (Tc=25°C unless otherwise noted) 





Parameter 


Part 
Number 


Min 


Max 


Unit 


Tp*;t Conditions 








Static 






BV DSS 


Drain-Source Breakdown 


AN 


35 




V 


1 


V GS(th) 


Gate Threshold Voltage 


All 


0.8 


2 




V DS = V GS . I D = 1mA 


l GSS Gate Body Leakage 


All 




0.1 


0k 


V GS =15V, V DS = 




0.5 




V GS =15V, V DS = 0, T A =125-C 




Zero Gate Voltage Drain 


All 




10 


fin 


V DS =Max Ratings, V GS = 


'dss 


Current 




500 


V DS = 0.8 Max Ratings, V G3 = 0, T A = 125 °C 






All 




1.5 




V GS = 5V, l D = 0.3A 


V DS(on) 


Drain-Source Saturation 
Voltage 1 


2N6659 




1.8 


V 


V GS = 10V, l D = 1A 




VN35AB 




2.5 








All 




5 




V GS =5V, l D = 0.3A 


r DS(on) 


Drain-Source ON Resistance 1 


2N6659 




1.8 


Si 


V GS =10V, l D =1A 






VN35AB 




2.5 




'□(on) 


ON-State Drain Current 1 


All 


1.5 




A 


V 0S = 25V, V GS =10V 


Dynamic 




Drain Source ON Resistance 


2N6659 




1.8 


Si 


V GS = 10V, l D = 1A, f = 1 kHz 




Forward Transconductance 1 


All 


170 




mS 


V 0S =24V, l D =0.5A 


C iss 


Input Capacitance 






50 






Crss 


Reverse Transfer Capacitance 


All 




10 


PF 


V GS = 0, V DS =25V, f = 1 MHz 




Common-Source Output 








Coss 


Capacitance 






65 






•on 




Turn-ON Time 


All 




10' 


ns 




V DD = 25V, l D =1A, R L = 23Q, R g = 25Q 


'off 


Turn-OFF Time 


All 




10* 






Drain-Source Diode Characteristics 








Typ 








Forward ON Voltage 1 


All 


-0.9 


V 


Is = -1 A, V GS = 


t rr Reverse Recovery Time 


All 


35 


ns 


V GS =0, If=Ir=1A 


•JEDEC Device meets 5 ns max for t a(on) , t r , t d | 0tn , and t,. 








Refer to VNMA Design Curves (See Section 4) 


Note: 

1. Pulse test: 80 us, 1% duty cycle. 










TEST CIRCUITS 













FIGURE 1. Switching Test Circuit 



FIGURE 2. JEDEC Reverse Recovery Circuit 



•VvV 
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C s «50pF 



di/'dt Adjust 
(1 -27 W H) 



IN4001 

— w- 



juul/^ 4 



R | 0.25 Q 
L < 0.01uH 



FROM TRIGGER CKT 



Siliconix 



2-43 



40V 



N-unannei cnnancemem Moae 

MOSPOWER 

These power FETs are designed especially for low power high frequency inverters, 
interface to CMOS and TTL logic, and line drivers. 



FEATURES 

■ High Input Impedance 

■ Extremely Fast Switching 

■ Rugged — Dissipation Limited SOA 

■ Internal Drain-Source Diode 

BENEFITS 

■ Reduced Component Count 

■ Simpler Designs 

— Directly Interfaces CMOS & TTL 

■ Improved Circuit Performance 

■ Increased Reliability 



Product Summary 



Part 
Number 


PRO ELECTRON 
Part Number 


BV DSS 
(Volts) 


R DS(on) 
(Ohms) 


Package 


VN40AD 




40 


5 


TO-220 


VN46AD 


BSR80 


40 


3 


TO-220 



ABSOLUTE MAXIMUM RATINGS (T A = 25°C unless otherwise noted) 



Drain-Source Voltage 40V 

Drain-Gate Voltage 40V 

Gate Current (Peak) ±0.5A 

Gate-Source Voltage ± 40V 

Drain Current 

Continuous 1 

VN40AD ±1.5A 

VN46AD ±1.9A 

Pulsed 2 ±3A 



Maximum Dissipation at 25°C Case . . 20W 

Linear Derating Factor 160 mW/°C 

Operating and Storage 
Temperature -55°C to +150°C 

Lead Temperature 

3" from Case for 10 sees) . . +300°C 



Notes: 

1. Limited by package dissipation. 

2. Pulse test— 80jjs to 300(iS, 1 % duty cycle. 



PACKAGE DIMENSIONS 



n fa 



I 



.080 (2.04 ) 



. 100 (2.54 ) 
.135 (3.42)~^ 



.500 
.580 

.so 


(12.70) 

(14.73) 


(6.35J 





PIN 1 — Gate 
PIN 2 & TAB — Drain 
PIN 3 — Source 




.045 tUSj 
.070 0.77) 



tl. W | 



TO-220AB 



MS 



Siliconix 



BV DSS Drain-Source Breakdown 


Mil 


*tv 






^ z : 


v GS(ih) Gate-Source Threshold Voltage 


All 


0.80 


2.5 


V 


Vds=V gs . Id=1 mA 


l GSS Gate-Body Leakage 


All 




10 


nA 


V GS =15V, V DS = 




100 


V GS =15V, V DS = 0, T A =125°C 


l DSS Zero Gate Voltage Drain Current 


All 




10 


mA 


V os =Max Rating, V GS = 




500 


V DS = Max Rating, V GS = 0, T A = 125°C 


v DS(om Drain-Source ON-State Voltage 1 


All 




1.5 


V 


V GS = 5.0V, l D = 300 mA 


VN40AD 




5.0 


V GS =10V, l D =1A 


VN46AD 




3.0 


V GS =10V, l D =1A 


Drain-Source ON-State 
r DS(om Resistance 1 


All 




5.0 







V GS =5.0V, l D = 300 mA 


VN40AD 




5.0 


V GS =10V, l D =1A 


VN46AD 




3.0 


Dynamic 


g (s Forward Transconductance 1 


All 


170 




mS 


V DS = 24V, l D = 0.5A 


C iss Input Capacitance 


All 




50 


pF 


V DS = 25V, V GS = 0, f=1 MHz 


C ras Reverse Transfer Capacitance 


All 




10 


_ Common Source Output 
oss Capacitance 


All 




50 


t N Turn-ON Time 


All 




10 


ns 


V DD = 25V, l D =1A, R L = 23Q, R„ = 25Q 

DO D L 


t 0FF Turn-OFF Time 


All 




10 


Drain-Source Diode Characteristics 






Typ 






V SD Forward ON Voltage 1 


All 


-0.9 


V 


l s = -1A,V GS = 


t rr Reverse Recovery Time 


All 


35 


ns 


V GS =0, l F =l R =1.0A 


Note: 

1. Pulse test: 80-300 ,<s, 1% duty cycle. Refer to VNMA Design Curves (See Section 4) 



TEST CIRCUITS 

FIGURE 1. Switching Test Circuit 



FIGURE 2. JEDEC Reverse Recovery Circuit 



"IN V DD 




PW. 

DUTY CYCLE = 1% 




CIRCUIT 
UNDER 



[GENERATORj \J}^[_ | 

C s < 50 pF 
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Siliconix 
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VN40AF ■ VN46AF B 

Siliconix 

A /N\ / N-Channel Enhancement Mode 

4UV MOSPOWER 

These power FETs are designed especially for low power high frequency inverters, 
interface to CMOS and TTL logic, and line drivers. 

FEATURES Product Summary 

■ High Input Impedance ^ p 

■ Extremely Fast Switching Part Number rT^s JjPgJ ^ Package 
. Rugged- Dissipation Limited SOA (Volts) (Ohms) ^_ 

■ Internal Drain-Source Diode VN40AF 40 5 TO-202 

BENEFITS VN46AF 1? 3 TO-202 

■ Reduced Component Count 

■ Simpler Designs ? 
— Directly Interfaces CMOS & TTL Gs> ' 

■ Improved Circuit Performance 

■ Increased Reliability 

ABSOLUTE MAXIMUM RATINGS (T A = 25°C unless otherwise noted) 

Drain-Source Voltage 40V Maximum Dissipation 

Z . Z \ — At&i at25°CCase 15W 

Dram-Gate Voltage 40V 

Linear Derating Factor 120 mW/°C 

Gate Current (Peak) ±1A Operating and Storage 

Gate-Source Voltage ± 40V Temperature -55°C to +150°C 

Lead Temperature 

Drain Current (1/16" from Case for 10 sees) . . +300X 

Continuous 1 

VN40AF ±1.3A 

VN46AF ■+■ 1 6 A No,es: 

viNHO«r _ i.urt , Limited by package dissipation. 

Pulsed 2 ± 3A 2. Pulse test— 80 H s to 300^, 1 % duty cycle. 

PACKAGE DIMENSIONS 



PIN 1 — Source 

PIN 2 - Gate 

PIN 3 & TAB - Drain 




BEF 1.23 (31.241 
1.20 m-48) 



TYP 0210 
0.053 0.100 
043 ,533; 
1 (1351 
11091 




TO-202AA 



Siliconix 



ELECTRICAL CHARACTERISTICS (T C =25°C unless otherwise noted) 



Parameter 


Part 
Number 


Mln 


Max 


Unit 


Test Conditions 


Static 


BV 0SS Drain-Source Breakdown Voltage 


All 


40 




V 


l =10^A, V GS = 


v GS(th) Gate Threshold Voltage 


All 


0.8 




V 


l D =1 mA, V DS = V GS 


l G ss Gate-Body Leakage Current 


All 




100 


nA 


V GS =15V, V DS = 


l DSS Zero Gate Voltage Drain Current 


All 




10 


„A 


V DS = 0.8 Max Rating, V GS = 


All 




500 


V DS = Max Rating, V GS = 0, T A = 125"C 


!rj(on) ON-State Drain Current 1 


All 


1.0 




A 


V DS = 25V, V GS =10V 




All 




1.5 




V GS = 5V, l D = 0.3A 


v DS(on) Drain-Source ON-State Voltage 




V 


VN40AF 




5.0 


V GS = 10V, l D = 1 A 


VN46AF 




3.0 


Drain-Source, ON-State 
r Ds<on) Resistance 1 


All 




5.0 


a 


V GS = 5V, l D = 0.3A 


VN40AF 




5.0 


V GS =10V, l D =1A 


VN46AF 




3.0 


Dynamic 


g fs Forward Transconductance 1 


All 


170 




mS 


V DS = 25V, l D = 0.5A 


C| 8S Input Capacitance 


All 




50 


pF 


V DS = 25V, V GS = 0, f = 1 MHz 


C ra8 Reverse Transfer Capacitance 


All 




10 


Common Source Output 
oss Capacitance 


All 




65 


t ON Turn-ON Time 


All 




10 


ns 


V DD = 25V, l D =1A, R L = 232, R = 25S 








10 


t 0F F Turn-OFF Time 


All 








Drain-Source Diode Characteristics 






Typ 







V SD Forward ON Voltage 1 


All 


-0.9 


V 


I S = -1A, V GS = 


t n Reverse Recovery Time 


All 


35 


ns 


V GS = 0, l F =l R = 1A 


Note: 

1. Pulse test: 80-300 P s. 1% duty cycle. Refer to VNMA Design Curves (See Section 4) 

TEST CIRCUITS 



o 



> 



FIGURE 1. Switching Test Circuit 



FIGURE 2. JEDEC Reverse Recovery Circuit 




PULSE ' 1 UNDER 
[GENERATORj |_TESVT_ _ | 



P.W. = 1 m 

DUTY CYCLE = 1% 



C s «50pF 



J* 5TO50uF 
IN4933 i I 7 »_ l(PK) Ad i ust 



-W- 



di/dt Adjust 
(1 -27(JH) 




IN4001 

— w- 
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M # N-Channel Enhancement Mode 

OUV MOSPOWER 

This power FET is designed especially for low power high frequency inverters, interface 
to CMOS and TTL logic, and line drivers. 

FEATURES Product Summary 

■ High Input Impedance BVn«s<s Rno/nwi 

■ Extremely Fast Switching Part Number ^Jgjj (< jJJJJJ[ Package 

■ Rugged— Dissipation Limited SOA 

■ Internal Drain-Source Diode VN64GA 60 0.4 TO-3 

■ Lowr D s(on) 
BENEFITS 

■ Reduced Component Count ? 

■ Simpler Designs go— If 4 * 
— Directly Interfaces CMOS \ 

■ Improved Circuit Performance 

■ Increased Reliability 

ABSOLUTE MAXIMUM RATINGS (T A = 25°C unless otherwise noted) 

Drain-Source Voltage 60V Linear Derating Factor 0.64W/°C 

Drain-Gate Voltage 60V Operating and Storage 

r ( a r„rr D nWD 0!1 i,\ ^o. Temperature -55°C to +150°C 

Gate Current (Peak) ± 3A 

Gate-Source Voltaae + 40 V Lead Temperature 

Gate bource voltage ± 40V (1/16 „ frQm Case for 1Q gecs) +300 c C 

Drain Current 

Continuous 1 ±10A 

Pulsedz ±15A Notes: 

1. Limited by package dissipation. 

Maximum Dissipation at 25°C Case . .80W z. Puise test-8o M s to 3oo M s,i% duty cycle. 




TO-3 



ELECTRICAL CHARACTERISTICS (T C =25°C unless otherwise noted) I < 

Parameter Min Max Unit Test Conditions 



Static 



BV 0SS Drain-Source Breakdown 


60 




V 


V GS =0, l D = 500 M A 




^GS(th) Gate Threshold Voltage 


1 


4 


V 


Vds = V gs . Id = 10 mA 


l GSS Gate-Body Leakage 




0.1 


«A 


V GS = 12V, V DS = 


l DSS Zero Gate Voltage Drain Current 
uaa 




500 




V DS = 60V, V GS = 


v DS(on) Drain-Source Saturation Voltage 1 




4.0 


V 


V GS =12V, l =10A 




r DS(on) static-Drain-Source ON-State Resistance' 




0.4 




V GS =12V, l =10A 


l D( on) ON-State Drain Current' , 


12.5 




A 


V DS = 25V, V GS =12V 


Dynamic 


g fs Forward Transconductance 


1.5 




S 


V DS =20V, l D = 5A 


C iss Input Capacitance 




800 


pF 


V DS =25V, V GS =0, f=1 MHz 


C rss Referse Transfer Capacitance 




50 


Coss Common Source Output Capacitance 




400 


t 0N Turn-ON Time 




60 


ns 


V DD = 50V, l D = 5A, R L = 10S, 
R„ = 20S 


t FF Turn-OFF Time 




80 


Drain-Source Diode Characteristics 




Typ 






V SD Forward ON Voltage 1 


-0.95 


V 


l s = -4A, V es = 


t rr Reverse Recovery Time 


110 


ns 


V GS =0,I F =, B = 4.0A 



> 



Note: 

1. Pulse test: 80-300 ^s, 1% duty cycle. 



POWER DISSIPATION DC SAFE OPERATING REGION 

CASE TEMPERATURE T c = 25°C 



2 
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VN66AD ■ VN67AD 



Siliconix 



N-Channel Enhancement Mode 

MOSPOWER 



60V 

These power FETs are designed especially for low power high frequency inverters, 
interface to CMOS and TTL logic, and line drivers. 

Product Summary 



FEATURES 

■ High Input Impedance 

■ Extremely Fast Switching 

■ Rugged — Dissipation Limited SOA 

■ Internal Drain-Source Diode 

BENEFITS 

■ Reduced Component Count 

■ Simpler Designs 

— Directly Interfaces CMOS & TTL 

■ Improved Circuit Performance 

■ Increased Reliability 



Part 
Number 


PRO ELECTRON 
Part Number 


BV D ss 
(Volts) 






"DS(on) 
(Ohms) 


Package 


VN66AD 


BSR81 


60 


3 


TO-220 


VN67AD 




60 


3.5 


TO-220 







ABSOLUTE MAXIMUM RATINGS (T A = 

Drain-Source Voltage 60V 

Drain-Gate Voltage 60V 

Gate Current (Peak) ±1A 

Gate-Source Voltage ± 40V 

Drain Current 

Continuous 1 

VN66AD ±1.9A 

VN67AD ±1.8A 

Pulsed 2 ±3A 



25° C unless otherwise noted) 

Maximum Dissipation at 25°C Case . . 20W 

Linear Derating Factor 160mW/°C 

Operating and Storage 
Temperature -55°C to +150°C 

Lead Temperature 
(1/16" from Case for 10 sees) . . +300°C 



Notes: 

1. Limited by package dissipation. 

2. Pulse test— 80ms to 300/js, 1 % duty cycle. 



PACKAGE DIMENSIONS 



IB 85! 





rr 

I.WJ | 



PIN 1 — Gate 

PIN 2 & TAB - Drain 

PIN 3 - Source 



TO-220AB 



d ■ I i e~* r-t ir-t ■ 



ELECTRICAL CHARACTERISTICS (Tc=25°C unless otherwise noted) 



Parameter 


Part 
Number 


Mln 


Max 


Unit 


Test Conditions 


Static 


BV DSS Drain-Source Breakdown 


All 


60 




; ■'V_ 


V GS = 0, Iq=10(iA 


v GS(th) Q ate Threshold Voltage 


All 


0.8 


2.5 


Vds=V gs , l D =1 mA 


Igss Gate Body Leakage 


All 




0.1 


«A 


V GS = 30V, V DS = 


I DSS Zero Gate Voltage Drain Current 


All 




1 


V DS = 48V, V GS = 


v DS(on) Drain-Source Saturation Voltage 1 


All 




1.5 


V 


V GS = 5V, l D = 300 mA 


VN66AD 




3 


V GS =10V, l D =1A 


VN67AD 




3.5 


r DS(on) Drain-Source ON Resistance 


All 




5.0 


a 


V GS =5V, l D =300 mA 


VN66AD 




3 


V GS =10V, l D =1A 


VN67AD 




3.5 


bion) ON-State Drain Current 1 


All 


1.5 




A 


V DS = 25V, V GS =10V 


Dynamic 


g, s Forward Transconductance' 


All 


170 




mS 


V DS = 25V, l D = 0.5A 


C iss Input Capacitance 


All 




50 


PF 


V DS = 25V, V GS = 0, f=1 MHz 


C rss Reverse Transfer Capacitance 


All 




10 


Common Source Output 
° ss Capacitance 


All 




50 


t N Turn-ON Time 


All 




10 


ns 


V DD = 25V, l D =1A, R L = 232, R g = 25Q 


t FF Turn-OFF Time 


All 




10 




Drain-Source Diode Characteristics 






Typ 






V SD Forward ON Voltage 1 


All 


-0.9 


V 


ls = -1A,V GS = 


t n Reverse Recovery Time 


All 


35 


ns 


V GS = 0, l F = l R =1A 


Note: Refer to VNMA Design Curves (See Section 4) 

1. Pulse test: 80-300 >is, 1% duty cycle. 



TEST CIRCUITS 

FIGURE 1. Switching Test Circuit FIGURE 2. JEDEC Reverse Recovery Circuit 

i \w — ■ « nryrS 




Siliconix 
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v iviworwvvcrc 

These power FETs are designed especially for low power high frequency inverters, 
interface to CMOS and TTL logic, and line drivers. 



FEATURES 

■ High Input Impedance 

■ Extremely Fast Switching 

■ Rugged — Dissipation Limited SOA 

■ Internal Drain-Source Diode 

■ High Free Air Power Dissipation 

BENEFITS 

■ Reduced Component Count 

■ Simpler Designs 

— Directly Interfaces CMOS & TTL 

■ Improved Circuit Performance 

■ increased Reliability 



Product Summary 



Part Number ™™ Jgjjog Package 



VN66AF 



60 



TO-202 



VN67AF 



60 



3.5 



TO-202 



ABSOLUTE MAXIMUM RATINGS (T A = 25°C unless otherwise noted) 

Drain-Source Voltage 
VN66AF, VN67AF 60V 

Drain-Gate Voltage 

VN66AF,VN67AF 60V 

Gate Current (Peak) ± 1 A 

Gate-Source Voltage ± 40V 



Maximum Dissipation 
at 25 °C Case 15W 

Linear Derating Factor 120 mW7°C 

Operating and Storage 
Temperature -55°C to +150°C 



Drain Current 

Continuous 1 

VN66AF +1.7A 

VN67AF ±1.6A 

Pulsed 2 ±3A 



Lead Temperature 
(1/16" from Case for 10 sees) . . + 300°C 



Notes: 

1. Limited by package dissipation. 

2. Pulse test— 80ys to 300>is, 1 % duty cycle. 



PACKAGE DIMENSIONS 




3«O 0.4JS IS 69 I 

Ml |M IK049! — -IOOSOfl?7)-l I— 



PIN 1 — Source 

PIN 2 — Gate 

PIN 3 & TAB — Drain 




TO-202AA 
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ELECTRICAL CHARACTERISTICS (Tc=25°C unless otherwise noted) 



Parameter 


Part 
Number 


Mln 


Max 


Unit 


Test Conditions 


Static 


BVpgg Drain-Source Breakdown 


All 


60 




V - 


V,-e = ln= 10 uA 


Vgj,^) Gate Threshold Voltage 


Ail 


0.8 


2.5 


V 


V™ — V^*. Ir> — 1 mA 
V DS — v GSi 'D — 1 ""^ 


l GSS Gate-Body Leakage 


All 




100 


nA 


V GS =15V, V DS =0 


Zero Gate Voltage Drain 
Current 


All 




10 


^A 


V DS = Max Ratings, V GS = 


All 




100 


V DS = 0.8 Max Ratings, V GS = 0, T A = 1 25°C 


Drain-Source Saturation 
Vosion) voltage' 


All 




1.5 


V 


V GS = 5V, l D = 0.3A 


VN66AF 




3 


V GS =10V, l D =1A 


VN67AF 




3.5 




Static Drain-Source 
rDsion) ON-State Resistance 1 


All 




5.0 


Q 


V GS = 5V, l D = 0.3A 


VN66AF 




3 


V GS =10V, l D =1A 


VN67AF 




3.5 


l D(on) ON-State Drain Current 1 


All 


1.5 




A 


V DS = 25V, V GS =10V 


Dynamic 


g ts Forward Transconductance 1 


All 


170 




mS 


V DS = 24V, l D = 0.5A 


C lss Input Capacitance 


All 




50 


PF 


V DS =25V, V GS = 0, f=1 MHz 


C rss Reverse Transfer Capacitance 


All 




10 


Common Source Output 
oss Capacitance 


All 




50 


t N Turn-ON Time 


All 




10 


ns 


V DD = 25V, l D =1A, R L = 23S, R g = 25S 


t 0FF Turn-OFF Time 


All 




10 


Drain-Source Diode Characteristics 






Typ 






V SD Forward ON Voltage 1 


All 


-0.9 


V 


l s = -1A,V GS = 


t rr Reverse Recovery Time 


All 


35 


ns 


V GS = 0, l F =l R =1A 


Note: 

1. Pulse test 80-300 ^s, 1% duty cycle Refer to VNMA Design Curves (See Section 4) 



TEST CIRCUITS 



FIGURE 1. Switching Test Circuit 

Mm v D0 
9 9 



FIGURE 2. JEDEC Reverse Recovery Circuit 
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2N6657 ■ VN67AA 



Siliconix 



60V 



N-Channel Enhancement Mode 

MOSPOWER 



These power FETs are designed especially for low power high frequency inverters, 
interface to CMOS and TTL logic, and line drivers. 



FEATURES 

■ High Input Impedance 

■ Extremely Fast Switching 

■ Rugged — Dissipation Limited SOA 

■ Internal Drain-Source Diode 



Product Summary 



BENEFITS 

■ Reduced Component Count 

■ Simpler Designs 
— Directly Interfaces CMOS & TTL 

■ Improved Circuit Performance 

■ Increased Reliability 



Part Number ™w» 


RDS(ON) 
(Ohms) 


Package 


2N6657 60 


3 


TO-3 


VN67AA 60 


3.5 


TO-3 



ABSOLUTE MAXIMUM RATINGS (T A =25°C unless otherwise noted) 



Drain-Source Voltage 60V 

Drain-Gate Voltage 60V 

Gate Current (Peak) ± 1 A 

Gate-Source Voltage ± 40V 

Drain Current 
Continuous 1 ±2A 

Pulsed2 ±3A 

Maximum Dissipation at 25°C Case 25W 



Linear Derating Factor 200mW/°C 



Operating and Storage 
Temperature 



+150°C 



Lead Temperature 
(1/1 6" from Case for 10 sees) . . +300°C 



Notes: 

1. Limited by package dissipation. 

2. Pulse test— 80^s to 30<Vs, 1 % duty cycle 



PACKAGE DIMENSIONS 

0.875 

r 122.225) 
MAX 



0.450 
0.250 



(11.43) 
16.351 



J 



SEATING 
PLANE 



-it* 



0.043 (1.092) 1 
.038 (0.965) 



0.312 

(7.925) 
MIN 



0.675 (17.145) 
0.655 (16.6371 



0.44O (11.176) t 



0.420 110.663) 



1.197 (30.404) 
k 1.177 (29.896) H 




PIN 1 — Gate 
PIN 2 — Source 
CASE - Drain 




0.161 14.089) 
0.151 (3.835) 



ELECTRICAL CHARACTERISTICS (T C =25°C unless otherwise noted) 



Parameter 


Part 
Number 


Min 


Max 


Unit 


Test Conditions 


Static 


BV DSS Drain-Source Breakdown 


All 


60 




V 


V G s = 0. Id=1°i<A 


v GS(ih) Gate Threshold Voltage 


All 


0.8 


2.0 


V 


Vds = v gs. !o= 1 "lA 




l GS s Gate-Body Leakage 


All 




500 


nA 


V GS =15V, V DS = 0, T A =125°C 


Zero Gate Voltage Drain 
' DSS Current 


All 






10 


„A 


V DS = Max Ratings, V GS = 




500 


V DS = 0.8 Max Ratings, V GS = 0, T A = 125°C 




Drain-Source Saturation 
Vosiom Vo | tage i 


All 




1.5 


V 


V GS = 5V, l D = 0.3A 


2N6657 




3.0 




V GS =10V, l D =1A 


VN67AA 




3.5 


Static Drain-Source 
r Dsiom ON-State Resistance' 


All 




5.0 





V GS = 5V. I D =0.3A 


2N6657 




3.0 


V es =10V, l =1A 


VN67AA 




3.5 


'D(on) ON-State Drain Current 1 


All 


1.5 




A 


V DS =25V, V GS =10V 


Dynamic 


Small Signal Drain Source 
r d S (om ON-State Resistance' 


2N6657 




3.0 


a 


l D = 1A, V GS = 10V, f= 1 kHz 


g )s Forward Transconductance 1 


All 


170 




mS 


l D = 0.5A, V DS = 25V 


C iss Input Capacitance 


All 




50 






Cfss Reverse Transfer Capacitance 




10 




PF 


V DS = 25V, V GS =0, f= 1 MHz 

MfTAJ? MUM!/ 3TUJ028A 


Common Source Output 
oss Capacitance 




40 


t 0N Turn-ON Time 


All 




10* 


ns 


V DD = 25V, l D =1 A, R L = 23Q, R g = 25Q 

■ 


t 0FF Turn-OFF Time 


All 




10* 


Drain-Source Diode Characteristics 






Typ 






V SD Forward ON Voltage 1 


All 


-0.9 


V 


l s = -1A, V GS = 


t rr Reverse Recovery Time 


All 


35 


ns 


V GS = 0, l F =l B =1A 


'JEDEC Device meets t d(on) , t„ t^,,,, t, of 5 ns max each. Refer to VNMA Design Curves (See Section 4) 

Note: 

1. Pulse test: 80-300>s, 1% duty cycle. 
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TEST CIRCUITS 

FIGURE 1. ! 



FIGURE 2. JEDEC Reverse Recovery Circuit 
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These power FETs are designed especially for low power high frequency inverters, 
interface to CMOS and TTL logic, and line drivers. 



FEATURES 

■ High Input Impedance 

■ Extremely Fast Switching 

■ Rugged — Dissipation Limited SOA 

■ Internal Drain-Source Diode 

BENEFITS 

■ Reduced Component Count 

■ Simpler Designs 

— Directly Interfaces CMOS & TTL 

■ Improved Circuit Performance 

■ Increased Reliability 



Product Summary 



Part Number ^JjjS 


Rds(on) 
(Ohms) 


Package 


2N6660 60 


3 


TO-39 


VN67AB 60 


3.5 


TO-39 



ABSOLUTE MAXIMUM RATINGS (T A = 25°C unless otherwise noted) 

Drain-Source Voltage 60V Maximum Dissipation 

at 25 °C Case 6.25W 

Drain-Gate Voltage 60V 

Linear Derating Factor 50mW/°C 

Gate Current (Peak) ± 1 A 0perating and storage 

±40V Temperature -55°Cto +150°C 

Lead Temperature 
(1/16" from Case for 10 sees) . . +300°C 



Gate-Source Voltage ... ....... 

■ 



Drain Current 
Continuous 1 

2N6660 ±1.1 A 

VN67AB ±1A 



Notes: 

1. Limited by package dissipation. 
Pulsed2 * 3 A 2 P"'se test-80 M s to 30C 



PACKAGE DIMENSIONS 



18.00) 



0.370 
0.350 
19,401 



0.240 

(S.BSJ 
16 W) 



BASE IS SOLID KOVAR (ALLOY 42) 




PIN 1 — Source 

PIN 2 - Gate 

PIN 3 & CASE - Drain 




BOTTOM VIEW 



TO-39 
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ELECTRICAL CHARACTERISTICS (T C =25°C unless otherwise noted) 



Parameter 


Part 
Number 


Min 


Max 


Unit 


Test Conditions 


Static 


BV DSS Drain-Source Breakdown 


All 


60 




V 


V GS = 0, I D =10mA 


^GSfth) date inreshoid voltage 


All 


0.8 


2.0 


V 


V DS= V GS' 'D= ' mA 


l GSS Gate-Body Leakage 


All 




100 


nA 


V r ,o= 15V, V n q = 




500 


V Ga =15V, V DS = 0, T A =125°C 


Zero Gate Voltage Drain 
DSS Current 


All 




10 


m 


Vq5= Max Ratings, V G g = 


All 




500 


V DS = 0.8 Max Ratings, V GS = 0, T A = 125°C 


Drain-Source Saturation 

" DS{on) V0 |, age 1 


All 




1.5 


V 


V GS = 5V, l D = 0.3A 


2 N 6660 




3.0 


V GS =10V. I D =1A 


VN67AB 




3.5 


Static Drain-Source 
"psioni ON-State Resistance' 


All 




5.0 


, 


V GS = 5V. I D =0.3A 
, » L-2 


2N6660 




3.0 


V GS =10V, l =1A 


VN67AB 




3.5 


l Won| ON-State Drain Current' 


All 


1.5 




A 


V DS =25V, V GS =10V 


Dynamic 


Small Signal Drain Source 
r ds(om ON-State Resistance 


2N6660 




3 


a 


V GS = 10V, l D = 1 A, f = 1 kHz 


g )s Forward Transconductance 1 


All 


170 




mS 


V DS =25V, l D = 0.5A 


C iss Input Capacitance 


All 




50 


pF 


V DS =25V, V QS = 0, f= 1 MHz 


C rss Reverse Transfer Capacitance 




10 


^ Common Source Output 
oss Capacitance 










40 






toN Turn-ON Time 


All 




10* 


ns 


V DD = 25V, l D =1A, R L = 23S, R g = 25C 


t OFF Turn-OFF Time 




10* 


Drain-Source Diode Characteristics 






Typ 






V SD Forward ON Voltage' 


All 


-0.9 


V 


l s = -1A,V GS = 


t rr Reverse Recovery Time 


All 


35 


ns 


V GS = 0, l F =l R =1A 



•JEDEC Device meets t d(on) , t r , t d(0 | () , t, of 5 ns max each. 



Refer to VNMA Design Curves (See Section 4) 



- 



Note: 

1. Pulse test 80-300 /is, 1% duty cycle. 

TEST CIRCUITS 

FIGURE 1. Switching Test Circuit 



FIGURE 2. JEDEC Reverse Recovery Circuit 
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A # N-Channel Enhancement Mode 

OUV MOSPOWER 

These power FETs are designed especially for low power hi 
interface to CMOS and TTL logic, and line drivers. 

Product Summary 



frequency inverters, 



FEATURES 

■ High Input Impedance 

■ Extremely Fast Switching 

■ Rugged— Dissipation Limited SOA 

■ Internal Drain-Source Diode 

■ High Free Air Power Dissipation 

BENEFITS 

■ Reduced Component Count 

■ Simpler Designs 

— Directly Interfaces CMOS & TTL 

■ Improved Circuit Performance 

■ Increased Reliability 



Part Number 


BVdss RdS(ON) 
(Volts) (Ohms) 


Package 


VN80AF 


80 


5.0 


TO-202 


VN88AF 


80 


4.0 


TO-202 


VN89AF 


80 


4.5 


TO-202 








| 






Go — \p 


d 













ABSOLUTE MAXIMUM RATINGS (T A = 25°C unless otherwise n< 



Drain-Source Voltage 80V 

Drain-Gate Voltage 80V 

Gate Current (Peak) ± 1 A 



Maximum Dissipation at 25°C Case . .15W 

Linear Derating Factor 120 mW7°C 

Operating and Storage 



Gate-Source Voltage 

- -.iiseS e«viuO ngiead AMUv u 

Dram Current 

Continuous 1 

VN80AF ±1.3A 

VN88AF ±1.5A 

VN89AF ±1.4A 

Pulsed 2 ±3A 



± 4QV Temperature -55°C to +150°C 



Lead Temperature 
(1/16" from Case for 10 sees) . . +300°C 



Notes: 

1. Limited by package dissipation. 

2. Pulse test— 80>s to 300ms, 1 % duty cycle. 
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PACKAGE DIMENSIONS 





PIN 1 — Source 

PIN 2 - Gate 

PIN 3 & TAB - Drain 
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ELECTRICAL CHARACTERISTICS (T C =25°C unless otherwise noted) 





Parameter 


Part 
Number 


Min 


Max 


Unit 


Test Conditions 


Static 


BV DSS Drain-Source Breakdown 


All 


80 




V 


V GS =0, l D =10^A 


^Gs(ih) Gate Threshold Voltage 


All 
All 


n r 

U.O 


2 5 




\/ — \/ 1 —1mA 
V DS ~ V GS- 'D ~ 1 mA 


l GSS Gate-Body Leakage 


All 




100 


nA 


Vqs - 1UV . V 0S U 


Zero Gate Voltage Drain 
' DSS Current 


All 




10 


„A 


V DS = Max Ratings, V GS = 




500 


V DS = 0.8 Max Ratings, V GS = 0, T A =125°C 


rim i n.^ni i mo 1 1 1 rat inn 

Ulall 1 OUUI t U 1 ct II U M 

VDSIon) V0 |, age 1 


All 




1.7 


V 


V^c = 5V In - 3A 


VN80AF 




5.0 


V GS =10V, l D =1A 


VN88AF 




4.0 


VN89AF 




4.5 


Static Drain-Source 
rDS(on) ON-State Resistance 1 


All 




5.6 


Si 


V GS -5V, l D -0.3A 


VN80AF 




5.0 


V GS =10V, l D = 1A 


VN88AF 




4.0 


VN89AF 




4.5 


'won) ON-State Drain Current 1 


All 


1.5 




A 


V DS = 25V, V GS =10V 


Dynamic 


g (s Forward Transconductance 1 


All 


170 




mS 


V DS = 25V, l D = 0.5A 


C iss Input Capacitance 


All 




50 


pF 


V DS =25V, V GS = 0, f=1 MHz 


C rss Reverse Transfer Capacitance 


All 




10 


c Common Source Output 
oss Capacitance 


All 




50 




t 0N Turn-ON Time 



All 




10 


ns 


V DD = 25V, l D =1A, R L = 23Q, R g = 25Q 


t FF Turn-OFF Time 


All 




10 



Drain-Source Diode Characteristics 







Typ 






V SD Forward ON Voltage 1 


All 


-0.9 


V 


l s = -1A,V GS = 


t fr Reverse Recovery Time 


AM 


35 

' 


ns 


V GS = 0, l F =l R =1.0A 


Note: 

1. Pulse test: 80-300 ps, 1% duty cycle. 








Refer to VNMA Design Curves (See Section 4) 



TEST CIRCUITS 

FIGURE 1. Switching Test Circuit 
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FIGURE 2. JEDEC Reverse Recovery Circuit 
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if ivu^orvjvvcK 

These power FETs are designed especially for low power high frequency inverters, 
interface to CMOS and TTL logic, and line drivers. 

FEATURES Product Summary 

■ High Input Impedance ^ pro electron bv dss R DS(on) e 

■ Extremely Fast Switching Number Part Number (Volts) (Ohms) racKa s e 

■ Rugged— Dissipation Limited SOA vnssad bsrb2 so a To-220 ~ 

■ Internal Drain-Source Diode vns9ad so 4.5 To-220 

BENEFITS 

■ Reduced Component Count 

■ Simpler Designs Go _j 
— Directly Interfaces CMOS & TTL 

■ Improved Circuit Performance 

■ Increased Reliability 

ABSOLUTE MAXIMUM RATINGS (T A = 25°C unless otherwise noted) 

Drain-Source Voltage 80V Maximum Dissipation at 25°C Case . . 20W 

Drain-Gate Voltage 80V Linear Derating Factor 0.16W/°C 

Gate Current (Peak) ± 1 A Operating and Storage 

Temperature -55°C to +150°C 

Gate-Source Voltage ± 40V 

Lead Temperature 

Drain Current (1/16" from Case for 10 sees) . . + 300°C 

Continuous 1 

VN88AD ±1.7A 

VMftQAn +1 RA Notes: 

viNoonw _ i.ort , Limited by package dissipation. 

Pulsed 2 ±3A 2. Pulse test— 80 M s to 300 M s,1% duty cycle. 



PACKAGE DIMENSIONS 



-020 (0-51 ) 

.055 (1 .39) U - 



1 




.045 n.tsi 

.070 fl.77) 



PIN 1 — Gate 
PIN 2 & TAB — Drain 
Pin 3 — Source 
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ELECTRICAL CHARACTERISTICS 0c=25°C unless otherwise noted) 



Parameter 



Part Number 



Mln Max Unit 



Test Conditions 



00 
00 

> 

■ 

< 
z 

00 
> 



Static 



BV DSS Drain-Source Breakdown 


All 


80 




V 


V GS — u > 'D ~ 'UM" 


v GS(th) Gate Threshold Voltage 


All 


8 


2 5 


v ds = v gs. Id = 1mA 


'gss Gate Body Leakage 


All 




100 


nA 


V^r* — 15 V Vr.f — 

»GS ~ l3v i V DS — u 


1 Zero Gate Voltage Drain 
Current 


All 




10 


cA 


Vr*^ — May Ratinnc \/ ^ i~ — n 


All 




500 


V DS = 0.8 Max Ratings, V GS = 0, T A = 125°C 


Drain-Source Saturation 
VDS(on) voltage 1 


All 




1 5 


V 


VQ5 — D V , \ Q — JUU HIM 


VN88AD 




4.0 


V G s = 10V, l D = 1mA 


VN89AD 




4.5 


r Drain-Source On 
Resistance 1 


All 




5.0 


Q 


V GS = 5V, l D = 300mA 


VN88AD 




4.0 


V GS = 10V, l D = 1A 


VN89AD 




4.5 


'O(on) On-State Drain Current 1 


All 


1.5 




A 


V DS = 25V, V GS = 10V 


Dynamic 


Forward Transcon- 
9,s ductance 1 


All 


170 




mS 


V DS = 25V, l D = 0.5A 


Cj SS Input Capacitance 


All 




50 


pF 


V DS = 25V, V GS = 0, f = 1MHz 


Reverse Transfer Capaci- 
° r ss tance 


All 




10 


Common-Source Output 
c oss Capacitance 


All 




50 


t N Turn-ON Time 


All 




10 


ns 


V DD = 25V, l D =1A, R L =23Q, R g = 25Q 


to FF Turn-OFF Time 


All 




10 



Drain-Source Diode Characteristics 



Typ 



V S D 



Forward ON Voltage 1 



All 



-0.9 



l s = -1A,V GS = 



Reverse Recovery Time 



All 



35 



ns V GS = 0, l F = l R = 1A 



Note 1: Pulse test — 80f/s to 300^s, 1% duty cycle 

TEST CIRCUITS 

FIGURE 1. Switching Test Circuit 




Refer to VNMA Design Curves (See Section 4) 

FIGURE 2. JEDEC Reverse Recovery Circuit 
-^v\ — * 1 npr^- 
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N-Channel Enhancement Mode 

MOSPOWER 



B 

Siliconix 



These power FETs are designed especially for low power high frequency inverters, 
interface to CMOS and TTL logic, and line drivers. 



FEATURES 

■ High Input Impedance 

■ Extremely Fast Switching 

■ Rugged— Dissipation Limited SOA 

■ Internal Drain-Source Diode 

BENEFITS 

■ Reduced Component Count 

■ Simpler Designs 

— Directly Interfaces CMOS & TTL 

■ Improved Circuit Performance 

■ Increased Reliability 



Product Summary 



Part Number 


BV D ss 
(Volts) 


Rds<on) 
(Ohms) 


Package 


2N6658 


90 


4.0 


TO-3 


VN99AA 


90 


4.5 


TO-3 


VN90AA 


90 


5.0 


TO-3 



■-*{ 



ABSOLUTE MAXIMUM RATINGS (T A = 25°C unless otherwise noted) 



Drain-Source Voltage 90V 

Drain-Gate Voltage 90V 

Gate Current (Peak) ± 1 A 

Gate-Source Voltage ± 40V 

Dram Current 

Continuous 1 

2N6658 ±1.9A 

VN99AA ±1.8A 

VN90AA ±1.7A 

Pulsed 2 ±3A 



Maximum Dissipation at 25°C Case . . 25W 

Linear Derating Factor 200 mW/°C 

Operating and Storage 
Temperature -55°Cto +150°C 

Lead Temperature 
(1/16" from Case for 10 sees) . . +300°C 



Notes: 

1. Limited by package dissipation. 

2. Pulse test— 80>s to 300>s, 1 % duty cycle. 



PACKAGE DIMENSIONS 

0.875 
MAX 



0.450 (11.431 
0.250 (6.3S) 



0.136 ■ 

13.4291 

i_ 



T 

SEATING 
PLANE 



-n — 043 "' 092i ^ 

"TT"" 0.038 10.965) 



.312 

17.925) 
MIN 



0.675 117.145) 



0.440 /' 1.176) t 



0.420 1 10.668) 



1.197 (30.404) 
""1.177 (29.896) H 




f 



PIN 1 — Gate 
PIN 2 — Source 
CASE - Drain 




0.161 (4.089) 
0.151 (3.835) 



BOTTOM VIEW < J 3-335) 
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ELECTRICAL CHARACTERISTICS (T C =25°C unless otherwise noted) 



Parameter 


Part 
Number 


Min 


Max 


Unit 


Test Conditions 


Static 


BV DSS Drain-Source Breakdown 


All 


90 




V 


V GS = 0, l D =10^A 


v GS(ih) Gate Threshold Voltage 


All 


0.8 


2.0 


V 


V D s = V G s. 'd= 1 mA 


l GSS Gate-Body Leakage 


All 




100 


nA 


V GS = 15V, V DS = 




500 


V GS =15V, V DS =0, T A =125°C 


Zero Gate Voltage Drain 
DSS Current 


All 




10 


fA 


V D s = Max Ratings, V GS = 




500 


V DS = 0.8 Max Ratings, V GS = 0, T A = 125"C 


Ul dill OUUI IjC OcU U 1 Ol IUI 1 

Vosioni voltage 1 


All 




1.6 


V 


V GS = 5V, l D = 0.3A 


2N6658 




4.0 


V GS =10V, f D =1A 


VN90AA 




5.0 




VN99AA 




4.5 


Static Drain-Source 
rDS(on) ON-State Resistance' 


All 




5.3 







V GS = 5V, l D =0.3A 


2N6658 




4.0 


V GS =10V, l D =1A 

■ 


VN90AA 




5.0 


VN99AA 




4.5 


l D(cln) ON-State Drain Current 1 


All 


1.5 




A 


V DS =25V, V GS =10V 


Dynamic 


Small Signal Drain Source 
r ds(t>n) ON-State Resistance 1 


2N6658 




4 


(1 


| D =1A, V GS =10V, f=1 kHz 


g fs Forward Transconductance 1 


All 


170 




mS 


V DS =25V, l D = 0.5A 








C iss Input Capacitance 


All 




50 


pF 


V DS =25V, V GS = 0, f = 1 MHz 



C rss Reverse Transfer Capacitance 




10 


Common Source Output 
Capacitance 




40 


toN Turn-ON Time 


All 




10* 


ns 


V DD = 25V, l D =1A, R L = 23S, R g = 250 


toFF Turn-OFF Time 




10* 



Drain-Source Diode Characteristics 







Typ 










Forward ON Voltage 1 


All 


-0.9 


V 


l s = -1A, V GS = 


t„ 


Reverse Recovery Time 


All 


35 


ns 


V GS = 0, l F =l R =1A 



•JEDEC Device meets t a(on) , t r , t djotf) , t ( of 5 ns max each. 
Note: 

1. Pulse test 80-300 ps, 1% duty cycle. 



Refer to VNMA Design Curves (See Section 4) 



TEST CIRCUITS 

FIGURE 1. Switching Test Circuit 
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FIGURE 2. JEDEC Reverse Recovery Circuit 
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These power FETs are designed especially for low power high frequency inverters, 
interface to CMOS and TTL logic, and line drivers. 



FEATURES 

■ High Input Impedance 

■ Extremely Fast Switching 

■ Rugged— Dissipation Limited SOA 

■ Internal Drain-Source Diode 

BENEFITS 

■ Reduced Component Count 

■ Simpler Designs 

— Directly Interfaces CMOS & TTL 

■ Improved Circuit Performance 

■ Increased Reliability 



Product Summary 



Part Number 


BVqss 
(Volts) 


RDS(ON) 
(Ohms) 


Package 


2N6661 


90 


4 


TO-39 


VN99AB 


90 


4.5 


TO-39 


VN90AB 


90 


5.0 


TO-39 



s 



ABSOLUTE MAXIMUM RATINGS (T A = 25°C unless otherwise noted) 



Drain-Source Voltage 90V 

Drain-Gate Voltage 90V 

Gate Current (Peak) ± 1 A 

Gate-Source Voltage ± 40V 

Drain Current 

Continuous 1 

2N6661 ±0.9A 

VN99AB ±0.9A 

VN90AB ±0.8A 

Pulsed 2 ±3A 



Maximum Dissipation at 25°C 6.25W 

Linear Derating Factor 50 mW/°C 

Operating and Storage 
Temperature -55°Cto +150°C 

Lead Temperature 
(1/16" from Case for 10 sees) . . +300°C 

■ 



Notes: 

1. Limited by package dissipation. 

2. Pulse test— 80|js to 300(js, 1 % duty cycle. 



PACKAGE DIMENSIONS 



0.315 

t&MJ 
(8.O0I 



0.370 
0.350 

19.401 
18.89/ 



0.240 

15.601 
16. 70) 




PIN 1 — Source 

PIN 2 — Cate 

PIN 3 & CASE — Drain 




BOTTOM VIEW 
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ELECTRICAL CHARACTERISTICS (T( 


-=25°C unless otherwise noted) 


Parameter 


Part 
Number 


Min 


Max 


Unit 


Test Conditions 


Static 


BV DSS Drain-Source Breakdown 


All 


90 




V ; 


V GS = 0, l D =10 P A 


v GS(th> Gate Threshold Voltage 


All 


0.8 


2.0 


V 


V G s = v ds. Id= 1 mA 


l GSS Gate-Body Leakage 


All 




0.1 


«a 


V GS =15V, V DS = 




0.5 


V GS =15V, V DS = 0, T A =125°C 


Zero Gate Voltage 
DSS Drain Voltage 


All 




10 


»iA 


V DS = Max Ratings, V GS = 




500 


V DS = 0.8V Max Ratings, V GS = 0, T A = 125°C 


Drain-Source Saturation 
Vosicn) voltage 1 


All 




1.6 


V 


V GS = 5V, l D = 0.3A 


2N6661 




4 


V GS =10V, l D =1A 





All 




5.3 


SI 


V GS = 5V,I D = 0.3A 


Static-Drain-Source 
r DS(»n) ON-State Resistance 1 


2N6661 




4.0 


V GS =10V, l =1A 


VN90AB 




5.0 


VN99AB 




4.5 


taion) ON-State Drain Current 1 


All 


1.5 




A 


V DS =25V, V GS = 10V 




Small Signal Drain-Source 
r da(oni ON-State Resistance 1 


2N6661 




4 


a 


l D =1A, V GS =10V, f=1 kHz 


g fs Forward Transconductance 1 


All 


170 




mS 


V DS =25V, l D = 0.5A 


C| SS Input Capacitance 


All 




50 


pF 




C rss Reverse Transfer Capacitance 




10 


Common Source Output 
C ° ss Capacitance 






40 


V DS = 25V, V GS =0, f=1 MHz 


t 0N Turn-ON Time 


All 




10* 


ns 


V DD = 25V, l D =1A, R L = 23Q, R g = 25Q 


t 0FF Turn-OFF Time 




10' 


Drain-Source Diode Characteristics 






Typ 







V SD Forward ON Voltage 1 


All 


-0.9 


V 


I S = -1A, V GS = 


t rr Reverse Recovery Time 


All 


35 


ns 


V GS = 0, l F =l R =1A 



ro 



o 
> 

09 



o 

> 

00 



Id(on), 'r. Id(ofl). 't < 



1. Pulse test 80-300 ps, 1% duty cycle. 



Refer to VNMA Design Curves (See Section 4) 



TEST CIRCUITS 

FIGURE 1. Switching Test Circuit 
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FIGURE 2. JEDEC Reverse Recovery Circuit 
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This power FET is designed especially for low power high frequency inverters, interface 
to CMOS and TTL logic, and line drivers. 



FEATURES 

■ High Input Impedance 

■ Extremely Fast Switching 

■ Rugged— Dissipation Limited SOA 

■ Internal Drain-Source Diode 

BENEFITS 

■ Reduced Component Count 

■ Simpler Designs 

— Directly Interfaces CMOS & TTL 

■ Improved Circuit Performance 

■ Increased Reliability 



Product Summary 



Part Number J^cgs RjSJON) Package 



VN0300D 



30 1.2 TO-220 





ABSOLUTE MAXIMUM RATINGS (T A = 25°C unless otherwise noted) 



Drain-Source Voltage 30V 

Drain-Gate Voltage 30V 

Gate Current (Peak) ±0.5A 

Gate-Source Voltage ±40V 

Drain Current 

Continuous 1 ±2.5A 

Pulsed 2 ±3A 

Maximum Dissipation at 25°C Case . . 20W 



Linear Derating Factor 160 mW7°C 

Operating and Storage 
Temperature -55°C to +150 e C 

Lead Temperature 
(1/16" from Case for 10 sees) . . +300°C 



Notes: 

1. Limited by package dissipation. 

2. Pulse test— 80/^s to 30(Vs, 1% duty cycle. 



PACKAGE DIMENSIONS 



C3 




.660 114.23} 



.500 1 12.70 ) 
~.5B0 (14.73) 



PIN 1 — Gate 

PIN 2 & TAB- Drain 

PIN 3 - Source ' 




.046 H. 75) | 



TO-220AB 



2-66 



ELECTRICAL CHARACTERISTICS (T C =25 °C unless otherwise noted) 

| Min 



Parameters 



Max 



Unit 



Test Conditions 



o 

o 
o 
o 



Static 



1 

BV DSS Drain-Source Breakdown 


30 




• V 


V GS = 0, l D = 10 M A 


v GS(th) Gate-Source Threshold Voltage 


0.8 


2.5 


Vds = V gs . Id=1 mA 


l GSS Gate-Body Leakage 




10 


nA 


V GS =15V, V DS = 




100 


V GS =15V, V DS = 0, T A =125°C 


l DSS Zero Gate Voltage Drain Current 




10 


«A 


V DS =Max Rating, V GS = 




500 


V DS = Max Rating, V GS = 0, T A = 125°C 


v DS(on) Drain-Source ON-State Saturation Voltage 1 




1.0 


V 


V GS = 5V, l D = 300 mA 




1.2 


V GS =10V, l D =1A 


r DS(on) Drain-Source ON-State Resistance 1 




3.3 


Q 


V GS =5V, l D =300 mA 




1.2 


V GS =10V, l D =1A 
5 


l D(on) ON-State Drain Current 1 


2.0 




A 


V DS =15V, V GS =10V 


. ... 

Dynamic 


g )s Forward Transconductance 1 


200 




mS 


V DS =15V, l D = 0.5A 


C iss Input Capacitance 




100 


pF 


V DS =15V, V GS = 0, f=1 MHz 


C rss Reverse Transfer Capacitance 




80 


C 0S8 Common-Source Output Capacitance 




55 


t 0N Turn-ON Time 




30 


ns 


V DD =15V, l D =0.6A, R L = 24Q, R g = 25S 


t 0FF Turn-OFF Time 




30 



Typ 



V SD Forward ON Voltage 1 



-0.9 



l s = -1A, V GS = 



Reverse Recovery Time 



90 



ns V GS =0, l F =l R = 2A 



Note: 

1. Pulse test 80-300 »s, 1% duty cycle. 



Refer to VNMH03 Design Curves (See Section 4) 



TEST CIRCUITS 



FIGURE 1. Switching Test Circuit FIGURE 2. JEDEC Reverse Recovery Circuit 



"IN v DO 



I 1 I 



I f J. ' t 



~i 



-O V 0UT i 



J 



I CIRCUIT I 
PULSE ' 1 UNDER 
|_GENERATORj | 



[GENERA 

P.W. = 1 ]a 
DUTY CVCLE = 1% 



C s < 50 pF 



_ £ + 5TO50mF 
IN4933 i l J ■* _ i(PK) A ^i u S' 



is 



di/dt Adjust 
(1 -27 U H| 



R < 0.25 Q 
L | 0.01mH 



FROM TRIGGER CKT 



{-VW-* 
SCOPE l 



u u. 



2-67 



guv MOSPOWER 

This power FET is designed especially for low power high frequency inverters, interface 
to CMOS and TTL logic, and line drivers. 

FEATURES Product Summary 

■ High Input Impedance BV Rno/nw^ 

■ Extremely Fast Switching Part Number ™g .jgjjjjj' Package 

■ Rugged— Dissipation Limited SOA 5 — ' 

■ Internal Drain Source Diode VN0300M 30 1.2 TO-237 

BENEFITS 

■ Reduced Component Count 

■ Simpler Designs 
— Directly Interfaces CMOS & TTL 

■ Improved Circuit Performance 

■ Increased Reliability 

ABSOLUTE MAXIMUM RATINGS (T A = 25°C unless otherwise noted) 

Drain-Source Voltage 30V Maximum Dissipation at 25°C Case . . . 1W 

Drain-Gate Voltage 30V Linear Derating Factor 8mW/°C 

Gate Current (Peak) ±1A Operating and Storage 

Gate-Source Voltage ±40V Temperature -55°Cto+150°C 

Lead Temperature 

Drain Current (1 / 16 " from case for 10 sees) . . +300°C 

Continuous 1 ±0.7A 

Pulsed 2 ±3A Notes: 

1. Limited by package dissipation. 

2. Pulse test-8G>s to 300>s, 1 % duty cycle. 

PACKAGE DIMENSIONS 



0.205 15.21) 
0.195 14.95) 



f Jl 0.095 (2. 

15.86) "I h 1| 



0.270 (6. 86) 
0.260 16.60) 



0.185 {A. 70) 
0.175 14.45) 



0.185 (4.70) 
0.175 (4.45/ 



/^*^^" S \ 0.105 (2~67) F 
' nrwn to nil 2i!*§ 



(3.68) 
(3.43) 



§ 



0.055 IJ 401 
' 0.045 It. 14) 



PIN1 - Source 

PIN 2 — Gate 

PIN 3 & TAB — Drain 



225 /o019 f0 45J DIA - ,s \ 

' « ™, TTlS, ^T, REQUIRED WITHIN 

t5.720l\0J>W (0.4V THIS DISTANCE. / 

0.250 / 0.021 10.531 DIA ,s \ 

I 1777, REQUIRED WITHIN 

(6.350^0.016 10.41) THIS DISTANCE. / 



NOTE: 

LEADS SOLDER DIPPED OR TIN PLATED. 
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Siliconix 



ELECTRICAL CHARACTERISTICS (T C =25°C unless otherwise noted) 





Parameter 


Mm 


Max 


Uni, 


Test Conditions 






Static 








BV DSS 


Drain-Source Breakdown 


30 




V 


V GS =0. b=10/<A 


V GS(lh) 


Gate-Source Threshold Voltage 


0.8 


2.5 


V 0S = V GS , l D =1 mA 


'gss 


Gate-Body Leakage 




0.1 




V GS = 30V, V DS = 


'dss 


Zero Gate Voltage Drain Current 




10 


V DS =Max Rating, V GS = 


Vdsioo, 


Drain Source ON-State Voltage 1 




1.0 


V 


V GS = 5V, l D = 0.3A 




1.2 


V GS =10V, l D =1A 




Drain-Source ON-State Resistance 1 




3.3 


1) 


V GS = 5V, l D = 0.3A 


r DS(on) 




1.2 


V GS =10V, l D =1A 


'DCon) 


ON-State Drain Current 1 


1 




A 


V DS =25V, V GS =10V 


Dynamic 


9t» 


Forward Transconductance 1 


200 




mS 


V DS =15V, l D = 0.5A 




Input Capacitance 




100 







Crss 


Reverse Transfer Capacitance 




80 


PF 


V DS =15V, V GS = 0, f=1 MHz 


Coss 


Common Source Output Capacitance 




55 






'on 


Turn-ON Time 




30 


ns 


V DD = 25V, l D =1A, R L = 242, 


'off 


Turn-OFF Time 




30 







Drain-Source Diode Characteristics 






Typ 




, 


V S D 


Forward ON Voltage' 


-0.9 


V 


l s = -1A, V GS = 




Reverse Recovery Time 


90 


ns 


V GS =0, l F =l R = 2A 



Note: 

1. Pulse test: 80-300 iiS, 1 % duty cycle. 



Refer to VNMH03 Design Curves (See Section 4) 



TEST CIRCUITS 



FIGURE 1 Switching Test Circuit 



FIGURE 2 JEDEC Reverse Recovery Circuit 



V IN V DD 

9 9 



r 




PULSE 



7* — 'r 



-Wr 



— t O V 0UT 4 

i 



CIRCUIT 
UNDER 
[_GENERATORj |_TESJ_ 

P.W. -l«s C s «50pF 
DUTY CYCLE - 1% 



1+ .5TO50)jF 
_ l(PK|Adjust 



-M- 



di/dt Adjust 
II -27 U H| 



IN4001 

— H— 



R < 0.25 a 
L S 0.01/jH 
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VN0600A.D ■ VN0601A.D 
VN0400A.D ■ VN0401A.D 

Mf^\ # N-Channel Enhancement Mode 

OUV MOSPOWER 

This power FET is designed especially for switching regulators, converters, solenoid and 
relay drivers, and audio amplifiers. 



FEATURES 

■ Lowr D S(on) 

■ No Second Breakdown 

■ High Input Impedance 

■ Internal Drain-Source Diode 

■ Very Rugged: Excellent SOA 

■ Extremely Fast Switching 

BENEFITS 

■ Reduced Component Count 

■ Improved Performance 

■ Simpler Designs 

■ Improved Reliability 



Product Summary 



Part 
Number 


bv dss 


"uSIon) 


Ifl 


Package 


VN0600A 


60V 


0.12O 


18A 


TO-3 


VN0400A 


40 V 


VN0601A 


60 V 


0.15S2 


16 A 


VN0401A 


40 V 






VN0600D 


60V 








0.12Q 


18A 


TO-220AB 


VN0400D 


40 V 


VN0601D 


60 V 






0.15Q 


16A 




VN0401D 


40 V 



ABSOLUTE MAXIMUM RATINGS (T A =25°C unless otherwise noted) 

Gate Current (Peak) ±3A 

Gate-Source Voltage ±40V 



Drain-Source Voltage 
VN0600A.D; VN0601A.D 
VN0400A.D; VN0401A.D 



.60 V 
,40V 



Drain-Gate Voltage 

VN0600A.D; VN0601A.D 

VN0400A.D; VN0401A.D 

Drain Current Continuous 

VN0400A.D; VN0600A.D ± 

VN0401A.D; VN0601A.D ± 

Drain Current 
Pulsed 1 ' 



.60V 
.40V 



Power Dissipation 

TO-3 ;.' 100W 

TO-220AB 75W 



.0.60W/°C 



18A 
16A 



±60 A 



Linear Derating Factor 

Operating and Storage Temperature 

TO-3 -55°C to +175°C 

TO-220AB -55°Cto +150°C 

Note 1: Pulse test— 80hs to 300jjs, 1% duty cycle. 



PACKAGE DIMENSIONS 

0.875 

r (22.2251 *-| 
MAX | 



0.150 

0.250 



jtt. 43) 
(6.35) 



PIN 1 - Gate 
PIN 2 — Source 
CASE - Drain 




0.525 

BOTTOM VIEW < ,3 - 33S ) 




TO-204AA (TO-3) 
(A Suffix Parts) 



TO-220AB 
(D Suffix Parts) 



PIN 1 — Gate 
PIN 2 & TAB — Drain 
Pin 3 — Source 
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Siliconix 



ELECTRICAL CHARACTERISTICS (T C =25°C unless otherwise noted) 



| Part Number | Mln | Max | Unit 



rameter 



Test Conditions 



o 
o 



o 



> 



Static 



BV DSS Drain-Source Breakdown 


VN0600A 


60 




V 


V QS = 0, l D =1mA 


VN0601A 


60 




VN0400A 


40 




VN0401A 


40 




VN0600D 


60 




VN0601D 


60 




VN0400D 


40 




VN0401D 


40 




v QS(th) Gate Threshold Voltage 


All 


2 


4.5 


V 


Vds = v GS. Id = 1hA 


Iqss Gate Body Leakage 


All 




100 


nA 


V GS = 30V, V DS = 


1 Zero Gate Voltage Drain 
Current 






1 


rtiA 


V GS = 0,V DS = Rated V DS 


All 




A 


V GS = 0, V D s = Rated V DS , T c = 1 50°C 


u„, , Drain-Source Saturation 
VDS(on) Voltage' 


VN0600A.D 




1.44 


V 


V GS = 10V,I D = 12A 


VN0400A.D 




VN0601A.D 




1.8 


VN0401A.D 




r„o, > Drain-Source On 
rDS<on| Resistancei 


VN0600A.D 




0.12 


a 


V GS = 10V, l D = 12A 


VN0400A.D 




VN0601A.D 




0.15 


VN0401A.D 




'Dion) On-State Drain Current 1 


All 


18 




A 


V GS = 10V, V DS = 25V 



Dynamic 



Sfs 


Forward Transcon- 
ductance 1 


All 


3 




mS 


■ 

V DS = 25V, l D = 12A(Note 1) 


c iss 


Input Capacitance 


All 




1200 






Crss 


Reverse Transfer 
Capacitance 


All 




200 


pF 


V DS = 25V, V GS = 0, f = 1 MHz 


C oss 


Common-Source Output 
Capacitance 


All 




500 






•dlon) Turn-on Time 


All 




30 






*r 


Rise Time 


All 




150 


ns 


V DD = 30V, l D =12A, R L = 2.4<2, R g = 10Q 
(Figure 1) 


*d(off) 


Turn-off Time 


All 




100 


'< 


Fall Time 


All 




100 







> 



Drain-Source Diode Characteristics 



> 







Typ 






V SD Forward ON Voltage 1 


All 


-1.5 


V 


I S = -12A, V GS = 


t rr Reverse Recovery Time 


All 


300 


ns 


l F = 40A,V GS = 0,di/dt = 100A/ M S 
(Figure 2) 



Note 1: Pulse test — 80^s to 300ms, 1% duty cycle 

TEST CIRCUITS 

FIGURE 1. Switching Test Circuit 



FIGURE 2. Reverse Recovery Test Circuit 




Ov 0UT 



PULSE 1 1 UNDER 
|_GENERATOHj |_TEST _ 

P.*. -Id C,<50»F 
DUTY CYCLE - IX 



1+ 5T0 50MF 



di/0t Adjust 
(1-27WH) 



IN40Q1 

— w- 



R £ 0-25 
L 5 0.01MH 



FROM TRIGGER CKT 



Siliconix 



OUV MOSPOWER 



This power FET is designed especially for low power high frequency inverters, interface 
to CMOS and TTL logic, and line drivers. 



FEATURES 

■ High Input Impedance 

■ Extremely Fast Switching 

■ Rugged — Dissipation Limited SOA 

■ Internal Drain-Source Diode 

■ Low Cost Package 

BENEFITS 

■ Reduced Component Count 

■ Simpler Designs 

— Directly Interfaces CMOS & TTL 

■ Improved Circuit Performance 
Reliability 



Product Summary 



Part 
Number 


PRO ELECTRON 
Part Number 


bvdss 
(Volts) 


R DS(on) 
(Ohms) 


Package 


VN0606M 


BSR66 


3 


4 


TO-237 



ABSOLUTE MAXIMUM RATINGS (T A = 25°C unless otherwise noted) 



Drain-Source Voltage 60V 

Drain-Gate Voltage 60V 

Gate Current (Peak) ± 1 A 

Gate-Source Voltage ±40V 

Drain Current 

Continuous 1 ±0.4A 

Pulsed 2 ±2A 

Maximum Dissipation at 25°C Case . . . 1 W 



Linear Derating Factor 8mW7°C 

Operating and Storage 
Temperature -55°C to +150°C 

Lead Temperature 
(1/16" from Case for 10 sees) . . +300°C 

Notes: 

1. Limited by package dissipation. 

2. Pulse test— 80>s to 300>s, 1 % duty cycle. 



PACKAGE DIMENSIONS 



0.206 (5.21) 
0.195 (4.95) 



0.270 16.86) - 
0.260 (6.60) 



S C 0,1 <2G7> 

f S 0.095 (2.47) 



0.185 (4.70) 
0.175 (4.45) 



0.18S (4.70) 
0.175 (4.45) 



0.165 

(4. 190) 



105 (2 6? 
0.095 (2.41) ' 



0.080 (2.03) ' 



0.055 (J. 40) 
0.045 ft. 14) 



0.225 /oj 

(5.720) \0J 



PIN 1 — Source 

PIN 2 — Gate 

PIN 3 & TAB — Drain 



.016 (0.41) THIS DISTANCE. / 

0.250 / 0.021 (0.53) DIA ls \ 

" ^ ™. REQUIRED WITHIN 

(6.350)\ 0.016 (0.4V THIS DISTANCE. J 




NOTE: 

LEADS SOLDER DIPPED OR TIN PLATED. 



TO-237 



Siliconix 



ELECTRICAL CHARACTERISTICS (T C =25°C unless otherwise noted) 





Parameter 


Mln 


Max 


Unit 


Test Conditions 


Static 


BV DSS 


Drain-Source Breakdown 


60 




V 


v gs = 0. h= 10 >*A 


V GS(lh) 


Gate Threshold Voltage 


0.8 


2.0 




V D s = V gs . 'd= 1 mA 


l GSS Gate Body Leakage 




100 


nA 


V GS =15V, V DS = 


'dss 


Zero Gate Voltage Drain Current 




10 


fA 


V DS =Max Ratings, V GS = 


V DS(on) 


Drain-Source Saturation Voltage 1 




3 


V 


V GS =10V, l D =1A 


r DS(on) 


Drain-Source ON Resistance' 




3 


a 


V GS =10V, l D =1A 




ON-State Drain Current 1 


1.5 




A 


V DS =25V, V GS =10V 



Dynamic 



g l5 Forward Transconductance 1 


170 




mS 


V DS = 25V, l D = 0.5A 


C lss Input Capacitance 




50 


PF 


V DS =25V, V GS = 0,f=1MHz 


C rss Reverse Transfer Capacitance 




10 


C oss Common-Source Output Capacitance 





50 


'on Turn-ON Time 




10 


ns 


V DD = 25V, l D =1A, R L = 23Q, 
R g = 25Q 


t OFF Turn-OFF Time 

urr 1 




10 



Drain-Source Diode Characteristics 





Typ 








Forward ON Voltage 1 


-0.9 


V 


l s = -1A,V GS = 


»rr 


Reverse Recovery Time 


35 


ns 


V GS = 0, l F =l B =1A 





to VNMA Design Curves (See Section 4) 



Note: 

1. Pulse test 80-300 its, 1% duty cycle. 



TEST CIRCUITS 



FIGURE 1 Switching Test Circuit 



FIGURE 2 JEDEC Reverse Recovery Circuit 



IN V DD 

P o 



r 



i 1 



n 



-Wv- 



+ .5TO50uF 
7 ^ _ '(PK) Ad i USI 




P.W. - 1 us 
DUTY CYCLE = 1% 



di/dt Adjust 
(1 -27 H H) 



FROM TRIGGER CKT 



Siliconix 



CM 
CM 
CM 
CM 



O 

> 



VN0610L ■ VN2222L 

60V 



N-Channel Enhancement Mode 

MOSPOWER 



a 

Siliconix 



These power FETs are designed especially for low power high frequency inverters, 
interface to CMOS and TTL logic, and line drivers. 



FEATURES 

■ High Input Impedance 

■ Extremely Fast Switching 

■ Rugged — Dissipation Limited SOA 

■ Internal Drain-Source Diode 

■ Lowest Cost Package 

BENEFITS 

■ Reduced Component Count 

■ Simpler Designs 

— Directly Interfaces CMOS & TTL 



Product Summary 



Part Number jjjgg 


Rds(on) 
(Ohms) 


Package 


VN0610L 60 


5.0 


TO-92 


VN2222L 60 


7.5 


TO-92 



ABSOLUTE MAXIMUM RATINGS (T A = 25°C unless otherwise noted) 



Drain-Source Voltage 60V 

Drain-Gate Voltage 60V 

Gate Current (Peak) ± 400m A 

Gate-Source Voltage + 15V, -0.3V 

Drain Current 
Continuous 1 

VN0610L ±0.2A 

VN2222L ±0.15A 

Pulsed 2 ±1A 



Maximum Dissipation 
at 25 °C Case 400 mW 

Linear Derating Factor 3.2mW/°C 

Operating and Storage 
Temperature -55°C to +150°C 

Lead Temperature 
(1/16" from Case for 10 sees) . . +300°C 



Notes: 

1. Limited by package dissipation. 

2. Pulse test— 80ms to 300ms, 1% duty cycle. 



PACKAGE DIMENSIONS 



T 

1.85 

(4.70) 
TYP 



O.lgO, 
0.200 
(457) 
15.08) 



12.411 T " 
12.67) 1 



3 LEADS TO FIT INTO 

• Insensitive To Light QQ2 2 

• Insulated Case 7dlS6) DiAHOLE 

0.125 13.18) „ 
ALL DIMENSIONS IN INCHES. 0.165 (4. 19) 

IALL DIMENSIONS IN MILLIMETERS.) BOTTOM VIEW 



PIN 1 — Source 
PIN 2 — Gate 
PIN 3 - Drain 




Siliconix 



ELE 



ICAL CHARACTERISTICS (T C =25°C unless otherwise noted) 



Parameter 


Part 
Number 


Min 


Max 


Unit 


Test Conditions 


Static 


RU„„- Drsiin-^nirrrp RrAflkfiown 

DSS UI0III OvUll/w tJi Cai\Uv« 1 1 


All 


60 




V 


V*-c — ln=100uA 
v GS w ' 'D luv 


v GS(ih) Gate-Source Threshold Voltage 


VN0610L 


0.8 


2.5 


V 


V DS= V GS. 'd= 1 mA 


VN2222L 


0.6 


2.5 


l GSS Gate-Body Leakage Current 


All 




100 


nA 


Vds = 0, V gs =15V 


loss Zero Gate Voltage Drain Current 


All 




10 


(•A 


V ds = 50V, V GS = 


'dioh) ON-State Drain Current 1 


All 


0.75 




A 


V GS =10V, V DS =15V 


v DS(om Drain-Source ON-State Voltage 1 


All 




1.5 


V 


l D = 200 mA, V GS =5V 


VN0610L 




2.5 


l D = 500 mA, V GS = 10V 


VN2222L 




3.75 













All 




7.5 


a 


l D =200 mA, V GS =5V 


Drain-Source ON-State 
fDston) Resistance 1 


VN0610L 




5.0 


l D = 500 mA, V GS =10V 


VN2222L 




7.5 


Dynamic 


g )s Forward Transconductance 1 


All 


100 




mS 


l D = 500 mA, V DS = 15V 


C iss Input Capacitance 


All 




60 


PF 


V DS =15V, V GS =0, f=1 MHz 


C rss Reverse Transfer Capacitance 


All 




5.0 


£ Common Source Output 
oss Capacitance 


All 




25 


t ON Turn-ON Time 


All 




10 


ns 


V DD = 15V, l D = 0.6A, R L = 23S, 
R. = 25S 


t 0FF Turn-OFF Time 


All 




10 


Drain-Source Diode Characteristics 






Typ 






V SD Forward ON Voltage 1 


All 


-0.85 


V 


l s = -0.5A, V GS = 


t rr Reverse Recovery Time 


All 


160 


ns 


V GS =0, l F =l„ = 0.5A 



1. Pulse test: 80-300 pS, 1% duty cycle. 

TEST CIRCUITS 

FIGURE 1. Switching Test Circuit 



Refer to VNML ■ VNMK Design Curves (See Section 4) 




FIGURE 2. JEDEC Reverse Recovery Circuit 



1 CIRCUIT -± | 

1 UNDER " 1 

LgeneratorJ |_TEST _ 

P.W. = C s «S 50 pF 

DUTY CYCLE = 1% 



l + STOSOyF 
^ E_ l (PKl AdjuSI 



di'di Adjust 
(1 -27wH) 



IN4001 

— W- 



R £ 0,25 Q 
L < 0.01(jH 



FROM TRIGGER CKT 



- 



Siliconix 



2-75 



VN0801D ■ VN1000D ■ VN1001D 
VM201D 

N-Channel Enhancement Mode 

MOSPOWER 



VN0800D 
VN1200D 

120V 

These power FETs are designed especially for audio amplifiers, power converters, and 
drivers for motors, solenoids and relays. 



FEATURES 

■ No Second Breakdown 

■ High Input Impedance 

■ Internal Drain-Source Diode 

■ Very Rugged: Excellent SOA 

■ Extremely Fast Switching 

BENEFITS 

■ Reduced Component Count 

■ Improved Performance 

■ Simpler Designs 

■ Improved Reliability 



Product Summary 



Part 


BVuss 


"DS(on) 


Id 


Package 


VN0800A 


80V 


0.18Q 


14 A 


TO- 3 


VN0800D 


TO-220 


VN0801A 


0.25Q 


12A 


TO-3 


VN0801D 


TO-220 


VN1000A 






14A 


TO-3 


VN1000D 


100V 


0.18S 


TO-220 


VN1001A 


0.25 Q 


12A 


TO-3 


VM1001D 


TO-220 


VN1200A 


120V 


0.182 


14A 


TO-3 


VN1200D 


TO-220 


VN1201A 


0.252 


12A 


TO-3 


VN1201D 


TO-220 



ABSOLUTE MAXIMUM RATINGS (T C = 25°C unless otherwise noted) 

Drain Current 

Pulsed (80pis to 300(iS, 1 % duty cycle) ±56A 

Gate Current (Peak) ±3 A 

Gate-Source Voltage ±40V 

Power Dissipation 
TO-3 100W 



Drain-Source Voltage 

VN0800A.D; VN0801A.D 80V 

VN1000A.D; VN1001A.D 100V 

A,D... 



VN1200A.D; VN1201A.D 120V 

Drain-Gate Voltage 

VN0800A.D; VN0801A.D 80V 

VN1000A.D; VN1001A.D 100V 

VN1200A.D; VN1201A.D 120V 

Drain Current Continuous 

VN0800A.D; VN1000A.D; VN1200A.D ±14 A 

VN0801A.D; VN1001A.D; VN1201A.D ±12 A 



.'.0.60\ 



TO-220AB 

Linear Derating Factor 

Operating and Storage Temperature 

TO-3 -55°C to +175°C 

TO-220AB -55°Cto+150°C 



PACKAGE DIMENSIONS 



0.440 fft 176} 
0.420 (id. 6681 




0.675 1 1 7. 1451 
0.665 (16.6371 



0.225 15.715) 
O205" iS~30f) 



0.525 

BOTTOM VIEW ('3.335/ 



TO-3 
(A Suffix Parts) 



R MAX 



PIN 1 — Gate 
PIN 2 — Source 
CASE - Drain 




TO-220AB 
(D Suffix Parts) 



PIN 1 — Gate 

PIN 2 & TAB — Drain 

PIN 3 — Source 



ELE CTRICAL CHARACTERISTICS (T C = 25°C unless otherwise noted) 

|Parl Number| Min | Max | Unit | ~ 



Parameter 



Test Conditions 



Static 



Drain-Source Breakdown 
BVdss Voltage 


VNOSOOA.D 
VN0801A.D 


80 




V 


V GS = 0, l D =1mA 


VN1000A.D 
VN1001A.D 


100 


VN1200A.D 
VN1201A.D 


120 


v Gsithi Gate Threshold Voltage 


All 


2.0 


4.5 


V 


V—^V-. l n =1 mA 

GS DSi D 


l QSS Gate-Body Leakage 


All 




100 


nA 


V GS = 30V, V DS =0 


Zero Gate Voltage Drain 
DSS Current 


All 




1.0 


mA 


V DS = Rated V DS V GS = 




4.0 


V DS = Rated V DS V GS = 0, T c = 150°C 


V DS (oo) V0 | tage 1 


VN0800A.D 
VN1000A.D 
VN1200A.D 




2.16 


V 


V GS =10V.I D =12A 


VN08Q1A.D 
VN1001A.D 
VN1201A.D 




3.0 


Drain-Source On 
DS(or " Resistance 1 


VN0800A.D 
VN1000A.D 
VN1200A.D 




0.18 


a 


V GS = 10V, l D = 12A 


VNO801A.D 
VN1001A.D 
VN1201A.D 




0.25 


'D(on) On-State Drain Current 1 


All 


14 




A 


V DS =25V,V GS =10V 


Dynamic 


gi s Forward Transconductance 1 


All 


3.0 




S 


V DS =25V,I D =6A 


C iss Input Capacitance 


All 




1200 


pF 


Vgs = °. V os = 25V, f= 1 MHz 


q Reverse Transfer 
,ss Capacitance 


All 




200 


C oss Output Capacitance 


All 




600 


Wi> Turn-On Delay Time 


All 




30 


ns 


V DD =60V, l D «12A, R L =5Q. R g = 10Q 
(Figure 1) 


t r Rise Time 


All 




150 


'd(ofi) Turn-Off Delay Time 


All 




100 


t| Fall Time 


All 




100 







Drain-Source Diode Characteristics 





Typ 


Unit 






Forward On Voltage 1 


-1.5 


V 


l s = -30A, V GS = 




Reverse Recovery Time 


300 


ns 

1 1 


l F = 30A. V GS = 0, di/dt = lOOA/^s (Figure 2) 



Note 1: Pulse test — 80 (.s to 300 «s, 1% duty cycle 

TEST CIRCUITS 

FIGURE 1 Switching Test Circuit 



Refer to VNDA12 Design Curves (See Section 4) 
FIGURE 2 JEDEC Reverse Recovery Circuit 



r 



r 



n i 




-p c s 

J 



CIRCUIT "=T 



-wv 



-O VQ 



o 



[GENERATORj 

C s «50pF 



(_ + .5TO50jiF 
IN4933 ' t l J - _ 1(pK)Ad|usl 



P.W. - 1 MS 
DUTY CYCLE = 1% 



IN4723 



di HI Adjust 

(1-27„H) 



IN4001 

— w— 



FROM TRIGGER CKT 




R < 0.2511 
L < 0.0VH 
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VN0808M 



80V 



N-Channel Enhancement Mode 

MOSPOWER 



B 

Siliconix 



This power FET is designed especially for low power high frequency inverters, interface 
to CMOS and TTL logic, and line drivers. 



FEATURES 

■ High Input Impedance 

■ Extremely Fast Switching 

■ Rugged— Dissipation Limited SOA 

■ Internal Drain-Source Diode 

■ Low Cost Package 

BENEFITS 

■ Reduced Component Count 

■ Simpler Designs 

— Directly Interfaces CMOS & TTL 

■ Improved Circuit Performance 

■ Increased Reliability 



Product Summary 



Part PRO ELECTRON BV DSS R D S(on) Package 
Number Part Number (Volts) (Ohms) 



VN0808M 



BSR67 



80 



TO-237 



ABSOLUTE MAXIMUM RATINGS (T A = 25°C unless otherwise noted) 



Drain-Source Voltage 80V 

Drain-Gate Voltage 80V 

Gate Current (Peak) ±1A 

Gate-Source Voltage ±40V 

Drain Current 

Continuous 1 ±0.35A 

Pulsed 2 ±2A 

Maximum Dissipation at 25°C Case . . . 1W 



Linear Derating Factor. 



8 mW/°C 



Operating and Storage 
Temperature -55°C to +150°C 

Lead Temperature 
(1/16" from Case for 10 sees) . . +300°C 



Notes: 

1. Limited by package dissipation. 

2. Pulse test— 80>s to 300ms, 1% duty cycle. 








PACKAGE DIMENSIONS 



0.206 15.21) 
0.195 (4.95) 



0.270 
0.260 



(6.86) T 1 

(6.60) | 
0.185 (4.70) 
0.175 (4.45) 



5J 



]_ 



.105 (2.67) 
.095 (2.41) 



0.185 (4.70) 
0.175 14.45) 



0.165 

(4.190) 



0.105 (2.67) 
0.095 (2.41) ' 



0.105 (2.67) 



0.055 11.41 
' 0.045 II. 141 



PIN 1 — Source 

PIN 2 - Gate 

PIN 3 & TAB — Drain 



•) 

BEQllfnED WITHIN^ 

I6.3S0I \o.01S 10.41/ this DISTANCE. / 



0.225 /o.019 10 481 DIA ls 

REQUIRED WITHIN 

15.720) \0.016 10.41} THIS DISTANCE. 



NOTE: 
LEAD! 




ADS SOLDER DIPPED OR TIN PLATED. 



TO-237 



ELECTRICAL CHARACTERISTICS (T C =25°C unless otherwise noted) 

Parameter | Min | Max | Unll | Test Conditions ~ 



BV DSS 




Drain-Source Breakdown 


80 




V 


V GS = 0, l D = 10 




Gate Threshold Voltage 


0.8 


2 


V D s = V GS , l = 1 mA 


'gss 


Gate Body Leakage 




100 


nA 


V GS =15V, V DS = 


'dss 


Zero Gate Voltage Drain Current 




10 


„A 


V DS = Max Ratings, V GS = 


V DS(onl 


Drain-Source Saturation Voltage 1 




4.0 


V 


V GS =10V, l D =1A 


r DS(on) 


Drain-Source ON Resistance 1 




4.0 




V DS =10V, l D =1A 


lD(on) 


ON-State Drain Current 1 


1.5 




A 


V DS = 25V, V GS =10V 


Dynamic 


9fs 


Forward Transconductance 1 


170 




mS 


V DS = 25V, l D =0.5A 




Input Capacitance 




50 






C rss 


Reverse Transfer Capacitance 




10 


PF 


V DS = 25V, V GS =0, f= 1 MHz 


Coss 


Common-Source Output Capacitance 




40 






'on 


Turn-ON Time 




10 


ns 


V DD = 25V, l D =1A, R L = 23Q, 


toFF 


Turn-OFF Time 




10 


R g =25Q 


Drain-Source Diode Characteristics 






Typ 






V SD 


Forward ON Voltage 1 


-0.9 


V 


l s = "1A, V GS = 


tr, 


Reverse Recovery Time 


35 


ns 


V GS = 0, l F =l R =1A 



Note: Refer to VNMA Design Curves (See Section 4) 

1. Pulse test 80-300 „S,1% duty cycle. 



TEST CIRCUITS 



FIGURE 1 Switching Test Circuit FIGURE 2 JEDEC Reverse Recovery Circuit 




Siliconix 
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VN2406B ■ VN1706B ■ VN1206B 

VN2406D ■ VN1706D ■ VN1206D siiiconix 
Jk / N-Channel Enhancement Mode 

^4UVmospower 

These power FETs are designed especially for off-line switching regulators, converters, 



solenoid and relay drivers. 

FEATURES 

■ High Voltage 

■ No Second Breakdown 

■ High Input Impedance 

■ Internal Drain-Source Diode 

■ Very Rugged: Excellent SOA 

■ Extremely Fast Switching 

BENEFITS 

■ Reduced Component Count 

■ Improved Performance 

■ Simpler Designs 

■ Improved Reliability 



Product Summary 



Part 
Number 


BV DSS 


R DS(ON) 




Package 


VN24068 


240V 


6X1 


0.8A 


TO-39 


VN1706B 


170V 


VN1206B 


120V 


VN2406D 


240 V 


611 


1.4A 


TO-220AB 


VN1706D 


170V 


VN1206D 


120V 



ABSOLUTE MAXIMUM RATINGS (T C = 25°C unless otherwise noted) 



Drain-Source Voltage 

VN1210B, D 120V 

VN1710B, D 170V 

VN2410B, D 240V 

Drain-Gate Voltage 

VN1210B, D 120V 

VN1710B, D 170V 

VN2410B, D 240V 

Gate Current (Peak) ±1A 

Gate Source Voltage ±40V 

Drain Current 
Continuous 1 

B Suffix ±0.8A 

D Suffix ±1.4A 

Pulsed 2 ±3A 



TO-39 TO-220AB 

Total Power Dissipation 6.25W 20W 

Linear Derating Factor 50mW/°C 160mW/°C 

Operating and Storage 

Temperature -55°C to +150°C 

Lead Temperature 
(1 1/16" from Case for 10 sees) +300°C 



Notes: 

1. Limited by package dissipation. 

2. Pulse test— 80us to 300us, 1 % duty cycle. 



PACKAGE DIMENSIONS 



PIN 1 - Source 

PIN 2 - Gate 

PIN 3 & CASE - Drain 



370 
350 

19.40/ 



I3J8! 
t 139) 




TO-39 



PIN 1 — Gate 

PIN 2 &TAB — Drain 

PIN 3 — Source 




in i(» 



too itm , 

135 :3 i!' 



BOTTOM VIEW 



TO-220AB 
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Siiiconix 



ELECTRICAL CHARACTERISTICS (Tc=25°C unless otherwise noted) 

Symbol | Characteristics | Type | Min | Max | Unit | Test Conditions 



o 



o 

ON 



ro 
o 

Q 



Static 



BV DSS 


Drain-Source Breakdown 


VN2406B 
\/W 1 7DKR 
VN1206B 


240 
1 70 
120 




V 


V GS =0.l D =100uA 


VN2406D 
VN1706D 
VN1206D 


240 
1 70 
120 






V GS(!h) 




Gate Threshold Voltage 


All 


0.8 


2.0 


V 


v ds= V GS , l D = 1mA 


Igss 


Gate Body Leakage 


Alt 




100 


nA 


V D s=0, V GS = 15V 


500 


v DS u - v GS 1 ° v 1 1 A 1 ^ 


' DSS 


Zero Gate Voltage Drain 
Current 


All 




10 


/jA 


V DS =120V, V GS =0 




500 


V DS = 120V.V GS = 0,T A = 125°C 


V DSIOn) 


Drain-Source Saturation 
Voltage 1 






1.0 


V 


V GS =2.5V. I D = 0.1A 






3.0 


V GS = 10V. I D = 0.5A 


r DSlon) 


Drain-Source On 
Resistance 1 






10 




V GS -= 2.5V, l D = 0.1 A 







6 


V GS = 10V, l D = 0.5A 


' D(on) 


On-State Drain Current 1 


All 


1.0 




A 


V DS = 25V, V GS = 10V 


Dynamic 


9 is 


Forward Transconductance 1 


All 


300 




mS 


V DS =25V,I D = 0.5A 


C,ss 


Input Capacitance 


All 




125 
















pF 


V G s = 0, V DS = 25V. f = 1 MHz 


C rss 


Reverse Transfer 
Capacitance 


All 




20 


Coss 


Common-Source Output 
Capacitance 


All 




50 



Drain-Source Diode Characteristics 





Typ 






V SD 


Forward ON Voltage 1 


-1.2 


V 


I S = -1.0A, V GS = 


t,„ 


Reverse Recovery Time 


100 


. DS . . 


l F = l R = 1.0A. V GS = (Figure 1) 



Note 1: Pulse test — 80 ,<s to 300 ,,s, 1% duty cycle 



Refer to VNDB24 Design Curves (See Section 4) 



TEST CIRCUIT 



Reverse Recovery Test Circuit 



AW 



.5 TO 50uF 
IN4933 "l i - '(PK) Ad i ust I 



r-rrn- 

di.dt Adjust 



It Adjust 
(1 -27 U H) 



5 



IN4001 

— M— 



R J 25 Q 
L S 0.01UH 



5— n^n 

FROM TRIGGER CKT 



r^2N4204 U L 

l~k-KAJ SCOPE 

rrrr, ° A 
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Z4UVMOSPOWER 



These power FETs are designed especially for off-line switching regulators, converters, 
solenoid and relay drivers. 



FEATURES 

■ High Voltage 

■ No Second Breakdown 

■ High Input Impedance 

■ Internal Drain-Source Diode 

■ Very Rugged: Excellent SOA 

■ Extremely Fast Switching 

BENEFITS 

■ Reduced Component Count 

■ Improved Performance 

■ Simpler Designs 

■ Improved Reliability 



Product Summary 



Part 
Number 


BV DSS 


"ds<on) 


Id 


Package 


VN2406L 


240V 


6n 


0.21A 


TO-92 


VN1706L 


170V 


VN1206L 


120V 


VN2406M 


240V 












611 


0.33A 


TO-237 


VN1706M 


170V 


VN1206M 


120V 



ABSOLUTE MAXIMUM RATINGS (Tc = 25°C unless otherwise noted) 



Drain-Source Voltage 

VN2406LVN1706M 240V 

VN1706L.VN1706M 170V 

VN1206L.VN1206M 120V 

Drain-Gate Voltage 

VN2406L,VN1206M 120V 

VN1706L.VN1706M 170V 

VN1206L.VN1206M 120V 

Drain Current Continuous 1 

VN1206L,VN1706L,VN2406L ±0.21A 

VN1206M,VN1706M,VN2406lvl ± 0.33A 

Pulsed 2 

TO-92 ± 1 .OA 

TO-237 ± 1.0A 



Gate Current (Peak) ± 1A 

Gate Source Voltage ± 40V 

TO-92 TO-237 

Total Power Dissipation 0.4W LOW 

Linear Derating Factor .. 3.2mW/°C 8mW/°C 

Operating and Storage 

Temperature -55°C to +150°C 

Notes: 

1. Limited by package dissipation. 

2. Pulse test: 80/jS - 300/js, 1% duty cycle. 



PACKAGE DIMENSIONS 



T 

185 

i4 rot 



OM0 

a.zoo 

14 57) 



• tr.Mn.iliv, To Light 




iCMES 1«G 14 19) ^ 

( OW/StOHS in vu i MNrfMS ' BOTTOM VIEW 



PIN 1 - Source 
PIN 2 - Oat* 
PIN 3 - Drain 



TO-92 




0J7O 16.861 T 
0.M0 16.601 | 
I 186 



£2 '±£11 i»_ I 
\W> 1495: \ ^ | 

A 0.106 (2.6?) 
S 0.0» 12 411 




PIN t - Sourc* 
PIN 2 - Gate 
PIN 3 4 TAB - Di 



(5 7201 \ 0.016 <0' 



., OIA. IS 

■ REQUIRED WITHIN 
' THIS DISTANCE 



2SO / 021 10 531 DIA - IS \ 

' TZ. ( t£t, ^TT «Q U <RED within) 



LEADS SOLDER DIPPED OR TIN PLATED 



TO-237 
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ELECTRICAL CHARACTERISTICS (Tc=25°C unless otherwise noted) 



Symbol [ Characteristics Type | Min | Max | Unit | Test Conditions 

Static 


BV DSS 


Drain-Source Breakdown 


VN2406L 
VN1706L 
VN1206L 


240 
170 
120 




V 


- ->' . ' \ 

v GS u ' 1 D 1 UU M M 


VN2406M 
VN1706M 
VN1206M 


240 
170 
120 




V GS(th) 


Gate Threshold Voltage 


All 


0.8 


2.0 


V 


v ds= V GS' 'd = 1mA 




Gate Body Leakage 


All 




1 00 


nA 


v DS u - v GS 13 v 


'gss 




500 


V GS =15V, V DS =0, T A=!12 5=C 


'dss 


Zero Gate Voltage Drain 
Current 


All 




10 


HA 


V DS =120V, V GS =0 




500 


V DS _ 1AJV ' V GS~ 0. I c - l^b o 


V DS(on) 


Drain-Source Saturation 
Voltage 1 






1.0 


V 


V GS =2.5V,t D =0.1A 






3.0 


V GS =10V.I D = 0.5A 


r DS(on) 


Drain-Source On 
Resistance' 






10 


Si 


V GS =2.5V. I D =0.1A 






6 


V GS =10V,I D =0.5A 


1 Dion) 


On-State Drain Current 1 


All 


1.0 




A 


V DS =25V, V GS =10V 


Dynamic 


9 is 


Forward Transconductance 1 


All 


300 




mS 


V DS =25V. I D =0.5A 


C,ss 


Input Capacitance 




All 




125 


pF 


' 

V GS =0.V DS =25V.f=IMHz 


C rss 


Reverse Transfer 
Capacitance 


All 




20 


Coss 


Common-Source Output 
Capacitance 


All 




50 



Drain-Source Diode Characteristics 



■ 


Typ 






V S D 


Forward ON Voltage 1 


-1.2 


V 


l s = -1.0A, V GS = 


' 


Reverse Recovery Time 



100 

1 1 


ns 


lp= l R = 1.0A, V GS = (Figure 1) 



Note 1: Pulse test — 80 uS to 300 ?S, 1% duty cycle 

TEST CIRCUIT 



Refer to VNDB24 Design Curves (See Section 4) 



Reverse Recovery Test Circuit 



4000uF ZSZ 



IN4933 j i J" - '(PK) Ad i us ' 



di/dl Ad|ust 
(1 -27 U H) 



50fjF 



IN4001 

— w- 



FROM TRIGGER CKT 



juuT"' 
•£3 



R <; 25 Q 
L £ 0.01fiH 




<< 

oo 

OO 



OO 



<< 



IOIO 

oo 
S 1- 



VN2410L ■ VN1710L ■ VN1210L jrj 
VN2410M ■ VN1710M ■ VM210M Siliconix 
^\ A ft\ /N-Channel Enhancement Mode 

Z4U V MOSPOWER 

These power FETs are designed especially for off-line switching regulators, 
converters, telephony, solenoid and relay drivers. 

FEATURES Product Summar Y 

■ High Voltage 

■ No Second Breakdown 

■ High Input Impedance 

■ Internal Drain-Source Diode 

■ Very Rugged: Excellent SOA 

■ Extremely Fast Switching 

BENEFITS 

■ Reduced Component Count 

■ Improved Performance 

■ Simpler Designs 

■ Improved Reliability 



Part 
Number 


PRO ELECTRON 
Part Number 


BVoss 


"DS(on) 


■d 


Package 


VN2410L 




240 V 








VN1710L 




170V 


10C 


0.15 


TO-92 


VN1210L 




120V 








VN2410M 


BSR76 


240 V 








VN1710M 


BSR72 


170V 


10S 


0.25 


TO-237 


VN1210M 


BSR70 


120V 



















Gate Current (Peak) ±1.0A 

Gate-Source Voltage ± 40V 



TO-237 



ABSOLUTE MAXIMUM RATINGS (T C = 25°C unless otherwise noted) 

Drain-Source Voltage 

VN2410L.VN2410M 240V 

VN1710L.VN1710M 170V 

VN1210L.VN1210M 120V 

Drain-Gate Voltage 

VN2410L.VN2410M 240V 

VN1710L.VN1710M 170V 

VN1210L.VN1210M 120V 

Drain Current Continuous 1 

VN2410L,VN1710L,VN1210L ± 0.16A 

VN2410M,VN1710M,VN1210M ± 0.25A 

Pulsed 2 

VN2410L,VN1710L,VN1210L ± 1.0A 

VN2410M,VN1710M,VN1210M ± 1.0A 



Total Power Dissipation 1W 

Linear Derating Factor 8mW/°C 



TO-92 



0.4W 

3.2mW/°C 



Operating and Storage 

Temperature . . -55°C to +150°C 



Notes: 

1. Limited by package dissipation. 

2. Pulse test: 80ms - 300ms, 1% duty cycle. 



PACKAGE DIMENSIONS 




I 



BOTTOM VIEW 



TO-92 
(L Suffix Parts) 



PIN 1 — Source 
PIN 2 - Qate 
PIN 3 - Oraln 




0.105 12 S: 
0.095 '2 4 



0.106 '2 671 , 
080 2 031 



145 '368) 
0.135 13 431 



-I 



0.055 (1.40) 
0.045 'I !4J 

MB f$.2li , 



0.1 75 14 45) 



C '°5 12 6. 
S 0.095 12 4 




PIN 1 — Source 

PIN 2 - Gate 

PIN 3 & TAB — Drain 



_ 0.225 
~ IS 720) 



( 0019 10 481 
016 <04h 



DIA IS \ 
REQUIRED WITHIN j 
THIS DISTANCE / 



/£J50l\O.Oie 10.4 



THIS DISTANCE. 



NOTE: 

LEADS SOLDER DIPPED OR TIN PLATED. 



TO-237 (M Suffix Parts) 
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ELECTRICAL CHARACTERISTICS (T_ = 25°C unless otherwise noted) 



Symbol 1 Parameter 1 Part Number 


Mln 


Max 


Unit 


Test Conditions 


Static 


BV DSS 


Drain-Source Breakdown 


VN2410L 
VN1710L 
VN1210L 


240 
170 
120 




V 


V GS =0. l D =100uA 


VN2410M 
VN1710M 
VN1210M 


240 
170 
120 




V GS(th) 


Gate Threshold Voltage 


All 


0.8 


2.0 


V 


V GS =V DS, 1 D =1 mA 


'gss 


Gate Body Leakage 


All 




100 


nA 


V GS =15V, V DS =0 


'dss 


Zero Gate Voltage Drain 
Current 


All 




10 


MA 


V DS = 120V V DS V QS =0 




500 


V DS =120V V DS V GS =0. T c = 125°C 


V DS(on) 


Drain-Source Saturation 
Voltage 


All 




1.0 


V 


V GS = 2.5V, l D = 0.10A (Note 1) 


All 




5.0 


V GS = 10V, l D = 0.50A (Notel) 


r DS(on) 


Drain-Source On 
Resistance 






10 


. ti 




V GS = 2.5V, l D = 0.1A (Note 1) 






10 


V GS = 10V, l D = 0.5A (Note 1) 


1 Dion) 


On-State Drain Current 


All 


1.0 




A 


V DS =25V. V GS =10V (Notel) 


Dynamic 


9ts 


Forward Transconductance 


All 


300 




mS 


V DS =25V, l D = 0.5A (Notel) 


C,ss 


input Capacitance 


All 




125 


pF 


Vqs= 0. V DS = 25V, f = 1 MHz 




Reverse Transfer 
Capacitance 


All 




20 


Coss 


Common-Source Output 
Capacitance 


All 




50 



< < 
z z 

ro ro 
*- *- 
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<_'- 



■ < 

f. £ 
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o 



Drain-Source Diode Characteristics 







Typ 


Unit 






Forward On Voltage 


All 


-1.2 


V 


l s = -1.0A, V GS = 0(Note 1) 


trr 


Reverse Recovery Time 

1 


All 


100 


ns 


l F = l R = 1.0A. V GS = (Figure 1) 



Note 1: Pulse test — 80 ^s to 300 M s. 1% duty cycle, 

TEST CIRCUIT 



Refer to VNDB24 Design Curves (See Section 4) 



Reverse Recovery Test Circuit 



-VA- 



9 



_£+ 5TO50(jF 



S 

_npnr_ 



di/dt Adjust 
(1 -27uH) 



IN4001 

-W- 



R < 0.25 O 
L i 0.01uH 



<~CHJ I SCOPE I 



FROM TRIGGER CKT 
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4UUV MOSPOWER 



- 



These power FETs are designed especially for offline switching regulators, converters, 
solenoid and relay drivers. 



FEATURES 

■ High Voltage 

■ No Second Breakdown 

■ High Input Impedance 

■ Internal Drain-Source Diode 

■ High Threshold for Noise Immunity 

■ Very Rugged: Excellent SOA 

■ Extremely Fast Switching 

BENEFITS 

■ Reduced Component Count 

■ Improved Performance 

■ Simpler Designs 

■ Improved Reliability 



Product Summary 



Part 


PRO ELECTRON 


BVrjss 


R DS(on) 




Package 


Number 


Part Number 


Id 


VN3500A 


BUP60 








TO-3 




10 


6A 


VN3500D 




350V 


TO-220 


VN3501A 


BUP61 


1.5fi 


5A 


TO-3 


VN3501D 






TO-220 


VN4000A 


BUP62 




1.0Q 


6A 


TO-3 


VN4000D 






TO-229 




400V 






VN4001A 


BUP63 






TO-3 




1.52 


5A 


VN4001D 






TO-220 



>o_lf 



ABSOLUTE MAXIMUM RATINGS (T C = 25°C unless otherwise noted) 



Drain-Source Voltage 

VN3500A, D; VN3501A, D 350V 

VN0400A, D; VN4001A, D 400V 

Drain-Gate Voltage 

VN3500A, D; VN3501A, D 350V 

VN4000A, D; VN4001A, D 400V 

Drain Current 
Continuous 1 

VN3500A, D; VN40O0A, D ± 6A 

VN3501A, D; VN4001A, D ± 5A 

Pulsed 2 

ASuffix ±16A 

D Suffix ±10A 



Gate Current (Peak) ± 3A 

Gate-Source Voltage ±40V 

Total Power Dissipation, A Suffix 125W 

Linear Derating Factor 0.833W/°C 

Total Power Dissipation, D Suffix 75W 

Linear Derating Factor 0.6W/°C 

Storage and Junction Temperature 

ASuffix -55°Cto +175-C 

D Suffix 



. . . -55°Cto + 150°C 



Notes: 

1. Limited by package dissipation. 

2. Pulse test— 80)js to 300|iS, 1 % duty cycle. 



PACKAGE DIMENSIONS 



PIN 1 - 
PIN 2 - 
CASE ■ 




(5.71SI 

< S - 2a? ' BOTTOM VIEW ' 

TO-204AA (TO-3) 
(A Suffix Parts) 



=C3 




PIN 1 — Gate 
PIN 2 & TAB - Drain 
3 — Source 



TO-220AB 
(0 Suffix Parts) 
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Siliconix 



ELECTRICAL CHARACTERISTICS (T C = 25°C unless otherwise noted) 



Parameter 


Part 
Number 


Min 


Max 


Unit 


Test Conditions 


Static 


BV DSS Drain-Source Breakdown 


VN3500A, D 
VN3501A, D 


350 




V 


; s=Vi D =i"ntA • 


VN4000A, D 
VN4001A, D 


400 




v GS(ih) Gate Threshold Voltage 


All 


3 


6 


V 


Vgs = V ds , Id= 1 mA, 


l G ss Gate Body Leakage 


All 




100 


nA 


V GS = 30V, V DS = 


loss Zero Gate Voltage Drain Current 


All 




1 


mA 


V DS = Rated, V DS , V GS = 

V DS = Rated V DS , V GS = 0, T C =150'C 




2.5 


v DS(om Drain-Source Saturation Voltage 


VN3500A, D 
VN4000A, D 




3 


V 


V GS = 10V, l D =3A (Note 1) 


VN3501A, D 
VN4001A, D 




4.5 


r Dsion) Drain-Source On Resistance 


VN3500A, D 
VN4000A, D 




1 


8 


V GS =10V, l D = 3A (Note 1) 


VN3501A, D 
VN4001A, D 




1.5 


'□(on) On-State Drain Current 




All 


8 




A 


V DS =25V. V GS = 10V (Note 1) 


Dynamic 


g (s Forward Transconductance 


All 


2.5 




mS 


V DS = 25V, l D = 3A (Note 1) 


C ISS Input Capacitance 


All 




1000 


pF 


v gs = 0. V DS = 25V, f= 1 MHz 


C rss Reverse Transfer Capacitance 


All 




40 


C ss Common-Source Output Capacitance 


All 




220 


*<j(on) Turn-On Delay Time 


All 




50 


ns 


V DD = 200V, l D =1A, R L = 67S, R g = 10Q 
(Figure 1) 


t, Rise Time 


All 




50 


t d | „, Turn-Off Delay Time 


All 




100 


t f Fall Time 


All 




80 


Drain-Source Diode Characteristics 






Typ 






V SD Forward ON Voltage 


All 


-1.2 


V 


l s = -4A,V GS = 0(Note1) 


t rr Reverse Recovery Time 


All 


400 


ns 


l F = l R = 4A, V GS = 0(Figure 2) 


Note: Refer to VNDA40 Design Curves (See Section 4) 

1. Pulse test: 80 ;<s to 300 (is, 1% duty cycle. 
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TEST CIRCUITS 



FIGURE 2 JEDEC Reverse Recovery Circuit 

. i . PfC y \ i l • y .1* * t , " 



FIGURE 1 Switching Test Circuit 
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VN4501A ■ VN4501D ■ VN4502A ■ VN4502D 
VN5001A ■ VN5001D ■ VN5002A ■ VN5002D 



S 



500V 



N-Channel Enhancement Mode 

MOSPOWER 



These power FETs are designed especially for offline switching regulators, converters, 
solenoid and relay drivers. 



FEATURES 

■ High Voltage 

■ No Second Breakdown 

■ High Input Impedance 

■ Internal Drain-Source Diode 

■ High Threshold for Noise Immunity 

■ Very Rugged: Excellent SOA 

■ Extremely Fast Switching 

BENEFITS 

■ Reduced Component Count 

■ Improved Performance 

■ Simpler Designs 

■ Improved Reliability 



Product Summary 



Part 
Number 


PRO ELECTRON 
Part Number 


BV DSS 


R DS(on) 


Id 


Package 


VN4501A 


BUP64 


450V 


1.52 


4.5 A 


TO-3 


VN4501D 




TO-220 


VN4502A 


BUP65 


2Q 


4A 


TO-3 


VN4502D 




TO-220 


VN5001A 


BUP66 


500V 


1.50 


4.5 A 


TO-3 


VN5001D 




TO-220 


VN5002A 


BUP67 


2S 


4A 


TO-3 


VN5002D 




TO-220 



ABSOLUTE MAXIMUM RATINGS (T C =25°C unless otherwise noted) 



Drain-Source Voltage 

VN4501, VN4502 450V 

VN5001, VN5002 500V 

Drain-Gate Voltage 

VN4501, VN4502 450V 

VN5001, VN5002 500V 

Drain Current Continuous 

VN4501A.D; VN5001A.D ±4.5A 

VN4502A.D; VN5001A.D ±4A 

Pulsed (80 ,<s-300 ^s, 1% duty cycle) ± 10A 



Gate Current (Peak) ±3A 

Gate-Source Voltage ±40V 



TO-3 



Maximum Power Dissipation 100W 

Linear Derating Factor 0.67W/°C 

Operating and 

Storage Temperature -55°Cto 

+175 °C 



TO-220AB 



75W 
0.6W/°C 



-40°C to 
+150°C 



PACKAGE DIMENSIONS 

875 

m max r'"*" 5 "! 



0.450 It t 431 
0250 ->:■ 8 



_L 



T 

SEATING 
PLANE 

0.675 117.145) 



— tr. 



— ' 1 (7 9251 
10.9051 MIN 




BOTTOM VIEW ' 

TO-3 



PIN 1 — Gate 
PIN 2 — Source 
CASE - Drain 



TO-204AA (TO-3) 
(A Suffix Parts) 



± 



a on 

.115 tl92l 




PIN 1 — Gate 

PIN 2 & TAB — Drain 

PIN 3 — Source 



TO-220AB 
(D Sufix Parts) 
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Siliconix 



ELECTRICAL CHARACTERISTICS (T C =25°C unless otherwise noted) 



Parameter 


Part 
Number 


Min 


Max 


Unit 


Test Conditions 


Static 


BV DSS Drain-Source Breakdown 


VN4501A, D 
VN4502A, D 


450 




V 


V GS =0., D = 1.0 mA 


VN5001A, D 
VN5002A, D 


500 




Vgs(ih) Ga,e Threshold Voltage 


All 


3.0 


6.0 


V D s= v gs. !d= 1 mA 


l GSS Gate-Body Leakage 


All 




100 


nA 


V GS = 30V, V os = 


l DSS Zero Gate Voltage Drain Current 


All 




1.0 


mA 


V DS = Rated V DS . V GS = 


4.0 


V DS = Rated V DS , V GS = 0, T C = 150°C 


l D(on , On-State Drain Current 1 


All 


6.0 




A 


V DS =25V, V GS = 10V 


v DS(oni Drain-Source Saturation Voltage 1 


VN4501A, D 
VN5001A, D 




3.0 


V 


V GS =10V, l D =2.0A 


VN4502A, D 
VN5002A. D 




4.0 


Static Drain-Source On-State 
rDS <° n) Resistance 1 


VN4501A. D 
VN5001A, D 




1.5 


Si 


V GS =10V. I D = 2.0A 


VN4502A, D 
VN5002A, D 




2.0 


Dynamic 


g ls Forward Transconductance 1 


All 


2.5 




s 


V DS =25V. I D = 2.0A 














C iss Input Capacitance 


All 




1000 


PF 


V GS = 0. V DS =25V, f=1 MHz 


C oss Output Capacitance 




220 


C rss Reverse Transfer Capacitance 




40 


'diom Turn-On Delay Time 


All 




50 


ns 


V DD = 200V, l D = 2A, R L =100Q, R g =10S 
(Fig 1) 


t, Rise Time 


All 




50 


W)"> Turn-Off Delay Time 


All 




100 


t. Fall Time 


All 




100 


Drain-Source Diode Characteristics 






Typ 






V SD Forward On Voltage 1 


All 


-1.2 


V 


l s = -4A, V GS = 


t„ Reverse Recovery Time 


All 


400 


ns 


l F =l R = 4A. V GS =0(Fig 2) 


Note: Refer to VNDA50 Design Curves (See Section 4) 

1. Pulse test: 80 „s-300 „s, 1% duty cycle. 
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TEST CIRCUITS 

FIGURE 1 Switching Test Circuit 



FIGURE 2 Reverse Recovery Test Circuit 
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OUV MOSPOWER 



This power FET is designed especially for low power high frequency inverters, interface to 
CMOS and TTL logic, line drivers. 



FEATURES 

■ High Input Impedance 

■ Extremely Fast Switching 

■ Rugged — Dissipation Limited SOA 

■ Internal Drain-Source Diode 

BENEFITS 

■ Reduced Component Count 

■ Simpler Designs 

■ Improved Circuit Performance 

■ Increased Reliability 



Product Summary 





Part 


PRO ELECTRON 


BV DSS 


R DS(on) 


Package 


Number 


Part Number 


(Volts) 


(Ohms) 




VN0300M 


BSR78 


-30 


2.5 


TO-237 


VP0300B 




-30 


2.5 


TO-39 





SO— I 



ABSOLUTE MAXIMUM RATINGS (T A =25°C unless otherwise noted) 



Drain-Source Voltage -30 V 

Drain-Gate Voltage -30V 

Gate Current (Peak) ±1A 

Gate-Source Voltage ±40V 

Drain Current 
Continuous 1 

M Suffix ±0.48A 

B Suffix ±1.5A 

Pulsed* I ±3A 

Power Dissipation 

TO-39 , 6.25 W 

TO-237 1W 



Linear Derating Factor 

TO-39 

TO-237 



50mW/°C 

8mW/°C 

Operating and Storage 
Temperature -55°C to +150°C 

Lead Temperature 
(1/16 " from case for 10 sees) +300°C 



Notes: 

1. Limited by package dissipation. 

2. Pulse test— 80jjs to 300ns, 1% duty cycle. 



PACKAGE DIMENSIONS 




185 
0.1 76 14.4$) 



0.105 12.67! 
0.095 (2.41) " 



~ N \ 0.105 12.671 r 

( 1 SHE <M*1 



(1.40) 
0.045 11.141 
0.205 IS2t! 
0.195 (4 9S) ] 



S C ?- 105 12 671 

f S 0.096 (2.41) 

270 16.86) T h 1|_ 



0.260 {6 601 



0.1 86 14.70! 
Q 175 4.45/ 



PIN 1 — Source 
PIN 2 - Gate 

3 & Case — Drain 



500 

mm 



I) 

1 2 3 

PIN 1 — Source 

PIN 2 — Gate 

PIN 3 & TAB — Drain 

_ 0.226 /W mm »&$ na>mmm ) 

15.7201 \0.016 10.411 TH|S ,, 1STAN c e , / 
) /0 021 I0S31 DIA. IS \ 

— required within j 

:e. / 



0.016 (0.411 THIS DISTANCE. 



TIN PLATED 



TO-39 
(B Suffix Parts) 



TO-237 
(M Suffix Parts) 
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ELECTRICAL CHARACTERISTICS (T C =25°C unless otherwise noted) 

| Min | Max | Unit 



Parameter 



Test Conditions 



Static 



BVqss Drain-Source Breakdown 


-30 




V- 


V GS = 0, lrj = -10p,A 


v GS(th) Ga *e Threshold Voltage 


-2 


-4.5 


V 


Vds = Vqs. Id = -1mA 


Iqss Gate Body Leakage 




-0.1 


f A 


V GS = -30V, V DS = 


Iqss Zero Gate Voltage Drain Current 




-10 


pA 


Vgs = 0, V DS = -25V 


v DS(on) Drain-Source Saturation Voltage 1 




-2.5 


V 


V GS = -10V, l D = -1A 


r DS(on) Drain-Source On Resistance 1 




2.5 


Q 


V GS = -10V, l D = "1A 


b(on) On-State Drain Current 1 


-1.5 




A 


V GS = -10V, V DS = -15V 


Dynamic 


* 

gf s Forward Transconductance 1 


200 




mS 


V DS = -15V, l D = -0.5A 


C iss Input Capacitance 




150 


pF 


V DS = -15V, V GS = 0, f = 1MHz 


C rss Reverse Transfer Capacitance 




60 


C oss Common-Source Output Capacitance 




100 


toN Turn-ON Time 




30 


ns 




V DD = -25V, R L = 23Q, R g = 25S, l D =-1 A 


tQFF Turn -OFF Time 




30 



Drain-Source Diode Characteristics 



Typ 



V SD 



Forward ON Voltage 1 



-1.2 



Vqs = 0, l s = "0.5 A 



Reverse Recovery Time 



52 



V GS = 0, l F = l R = -0.5A 



Note 1: Pulse test — 80 /js to 300 jiS, 1% duty cycle 

TEST CIRCUITS 



Refer to VPMH03 Design Curves (See Section 4) 



FIGURE 1. Switching Test Circuit FIGURE 2. Reverse Recovery Test Circuit 
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100V 



P- Channel Enhancement Mode 

MOSPOWER 



These power FET's are designed especially for low power, high frequency inverters, 
and interfaces to C-MOS and line drivers. 



FEATURES 

■ High Voltage 

■ No Second Breakdown 

■ High Input Impedance 

■ Internal Drain-Source Diode 

■ Very Rugged: Excellent SOA 

■ Extremely Fast Switching 

BENEFITS 

■ Reduced Component Count 

■ Improved Performance 

■ Simpler Designs 

■ Improved Reliability 



Product Summary 



Part 
Number 


BV DSS 


R DS(ON) 


•d 


Package 


VP1008B 


100 V 


5.011 


0.9A 


TO-39 


VP0808B 


80V 



ABSOLUTE MAXIMUM RATINGS (Tc = 25°C unless otherwise noted) 



Drain-Source Voltage 

VP1008B -100V 

VP0808B -80V 

Drain-Gate Voltage 

VP1008B -100V 

VP0808B -80V 

Drain Current Continuous 1 

VP1008B.VP0808B ± 0.9A 

Pulsed 2 ± 3.0A 



Gate Current (Peak) ± 1.0A 

Gate Source Voltage ±40V 

Total Power Dissipation 6.25W 

Linear Derating Factor 50mW/°C 

Operating and Storage 
Tem perat u re -55°C to +150°C 

Notes: 

1. Limited by package dissipation. 

2. Pulse test— 80ms to 300lis, 1% duty cycle. 



PACKAGE DIMENSIONS 



BASE IS SOLID KOVAH IALLOV 42) 




PIN 1 - 
PIN 2- 
PIN 3& 




BOTTOM VtE« 



TO-39 
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ELECTRICAL CHARACTERISTICS (Tc=25°C unless otherwise noted) 



Parameter | Part Number | Min 


Max 


Unit Test Conditions 


Static 


BVrjss Drain-Source Breakdown 


VP1008B 


-100 




V 


Vqs = 0, l D = -10fA 


VP0808B 


-80 




v GS(th) Gate-Source Threshold 
Voltage 


All 


-2 


-4.5 


V 


Vrjs = Vgs> Iq = _1 m a 


Iqss Gate Body Leakage 


All 




100 


nA 


V GS = -15V, V DS = 


!„„ Zero Gate Voltage Drain 
'DSS _ 

Current 


All 




-10 




V DS = Rated V DS , V GS = 




-500 


V DS = Rated V DS , V GS = 0, T c = 150°C 


. Drain-Source Saturation 
V D S(on) Vo|tage 


All 




-5 


V 


V GS = -10V, l D = -1A (Note 1) 


Drain-Source On 
r DS(on) Resistance 


AM 




5 


Q 


V GS = -10V, l D = -1A(Note 1) 


l D(on ) On-State Drain Current 


All 


-1.1 




A 


V DS = -25V, V GS = -10V (Note 1) 


Dynamic 


Forward Transcon- 
9 ,s ductance 


All 


200 




mS 


V DS = -25V, l D = -0.5A (Note 1) 


C| SS Input Capacitance 


All 




150 


pF 


Vrjs = -25V, V GS = 0, f = 1 MHz 


Reverse Transfer Capaci- 
rss tance 


All 




60 


Common-Source Output 
°ss Capacitance 


All 




60 


•d(on) Turn-ON Delay Time 


All 




10 


ns 


V DD = -25V, l D =-0.5A, R L = 47Q, R g =250 
Figure 1 


t r Rise Time 


All 




10 


'dloff) Turn-OFF Delay Time 


All 




10 








dMITAS MUMIXAM 3t UJQ&&P 


t, Fall Time 


Alt 




10 


Drain-Source Diode Characteristics 






Typ 






Vsd Forward ON Voltage 


All 


-1.2 


V 


Vgs = ". Is = -1 A (Note 1) 


t rr Reverse Recovery Time 


All 


65 


ns 


V G s = 0, I F = Ir = 0.5A (Figure 2) 
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Note 1: Pulse test — 80us to 300^s, 1 % duty cycle 

TEST CIRCUITS 

FIGURE 1. Switching Test Circuit 



Refer to VPMH10 Design Curves (See Section 4) 



FIGURE 2. Reverse Recovery Test Circuit 
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These power FET-s are designed especially for low power, high frequency inverters and 
interfaces to CMOS and line drivers. 



FEATURES 

■ High Voltage 

■ No Second Breakdown 

■ High Input Impedance 

■ Internal Drain-Source Diode 

■ Very Rugged: Excellent SOA 

■ Extremely Fast Switching 

BENEFITS 

■ Reduced Component Count 

■ Improved Performance 

■ Simpler Designs 

■ Improved Reliability 



Product Summary 



- 



Part 
Number 










bvdss 


RDS(on) 


■d 


Package 


VP1008L 


100V 








52 


0.23 


TO-92 


VP0808L 


80V 


VP1008M 


100V 








52 


0.37 


TO-237 


VP0808M 


80V 


\ 














D 







CC- 



ABSOLUTE MAXIMUM RATINGS (T C = 25°C unless otherwise noted) 

Gate Current (Peak) ± 1.0A 

Gate Source Voltage ±40V 



Drain-Source Voltage 

VP1008L,VP1008M -100V 

VP0808L.VP0808M -80V 

Drain-Gate Voltage 

VP1008L.VP1008M -100V 

VP0808L.VP0808M -80V 

Drain Current Continuous 1 

VP1008L.VP0808L ± 0.23A 

VP1008M.VP0808M + 0.37A 

± 3.0A 

A — : 



To-92 


To-237 


... 0.4W 


LOW 


3mW/°C 


8mW/°C 



Pulsed 2 



Total Power Dissipation . . 



Storage and Junction 

Temperature -55°C to +150°C 

Notes: 

1. Limited by package dissipation. 

2. Pulse test— 80jis to 300jis, 1% duty cycle. 



PACKAGE DIMENSIONS 



, 0.105 

as?) I j, , 



0.125 fJ. 18) „ 



PIN 1 - Source 
PIN 2 - Gats 
PIN 3 - Drain 

TO-92 




PIN — Source 
PIN 2 - Gate 
PIN 3 & TAB — Drain 



0225 /o019 10481 DlA - ,s \ 

~ REQUIRED WITHIN 

flJ./WJ \0.018 I0.4D T His DISTANCE. / 



0-260 /OJBI t053) 

is.3sa)\ome io.4 n 



REQUIRED WITHIN 



TO-237 
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ELECTRICAL CHARACTERISTICS (Tc=25°C unless otherwise noted) 



Parameter ] Part Number j Min 


Max 


Unit | Test Conditions 


Static 


BVdss Drain-Source Breakdown 


VP1008L 
VP0808L 


100 
80 




V 


Vgs = C lo = -10fA 


VP1008M 
VP0808M 


100 
80 




^GSfth) Gate-Source Threshold 
Voltage 


All 


-2 


-4.5 


V 


Vds = Vgs. | d = -1"ia 


'gss Gate Body Leakage 


Ail 




100 


nA 


Vrc = -30V Vnc; = 


'dss ^ er0 ^ ate Voltage Drain 
Current 


All 




-10 


mA 


Vnc — Rated VnQ Vrc — 




-500 


V DS = Rated V DS , V GS = 0, T c = 125°C 


Drain-Source Saturation 
v DS(on) Voltage 1 


All 




-5 


V 


V QS = -10V, l D = -1A(Note 1) 


Drain-Source On 
rDS<on) Resistance 


All 




S 


s 


V GS = -10V, l D = -1A(Note 1) 


!D(on) On-State Drain Current 


All 


-1.1 




A 


V DS = -25V,V GS = -10 V (Note 1) 


Dynamic 


Forward Transcon- 
9fs ductance 


All 


200 




mS 


V DS = -25V, l D = -0.5A(Note 1) 


C iss Input Capacitance 


All 




150 


pF 


V GS = 0, V DS = 25V, f = 1MHz 


Reverse Transfer 
c rss Capacitance 


All 




60 


Common-Source Output 
c oss Capacitance 


All 




60 


<d(on) Turn-On Delay Time 


All 




30 


ns 


V DD = -25V, l D = -0.5A, R L = 45Q, R g = 25S 
(Figure 1) 


t r Rise Time 


All 




30 


'd(off) Turn-OFF Delay Time 


All 




30 


tf Fall Time 


All 




30 
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Drain-Source Diode Characteristics 



Typ 



V S D 



Forward ON Voltage 



All 



1.2 



Vqs = 0. Is= 1 A (Note 1) 



Reverse Recovery Time 



All 



65 



Vgs = °. I f = Ir = 0.5A (Figure 2) 



Note 1: Pulse test — 80 us to 300us, 1% duty cycle 



TEST CIRCUITS 

FIGURE 1. 



r 



Switching Test Circuit 



Refer to VPMH10 Design Curves (See Section 4) 



FIGURE 2. Reverse Recovery Test Circuit 
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OUV Quad MOSPOWER Array 

This power FET is designed especially for low power high frequency inverters, interface to 
CMOS and TTL logic, line drivers and Analog Switching. 



FEATURES 

■ High Input Impedance 

■ Extremely Fast Switching 

■ Rugged 

■ Internal Drain-Source Diode 

■ Dual-ln-Line Package for Packing 
Density and Automatic Insertion 

BENEFITS 

■ Reduced Component Count 

■ Simpler Designs 

— Directly Interfaces CMOS & TTL 

■ Improved Circuit Performance 

■ Increased Reliability 



Product Summary 



Part 
Number 


BVDSS RDS(ON) 
(Volts) (Ohms) 


Package 


VQ1000P 


60 5.5 


Side Braze 


VQ1000J 


60 5.5 


Plastic 




D 2 S 2 G 2 NC G, S, D, 








N 
N 


N 

( 

N 




D 

S 




LeJ iii N H IhJ El IhJ 

D 3 S3 G3 NC G4 S4 







TOP VIEW 
ORDER NUMBER: VQ1000P, VQ1000J 



ABSOLUTE MAXIMUM RATINGS (T A =25°C unless otherwise noted) 

Drain-Source Voltage 60V 

Drain-Gate Voltage 60V 



Linear Derating Factor 

Single 10.4mW/°C 

Quad 16mW/°C 



Drain Current 

Continuous 1 ± 225mA 

Pulsed 12 ±1A 

Gate-Source Voltage ±40V 

Gate Current Peak ±1A 

Power Dissipation 

Single 1.30W 

Quad 2W 



Operating and Storage 

Temperature -55°C to +150°C 

Lead Temperature 
(1/16" from case for 10 sees) +300°C 



Note: 1: Single device alone. Package limited. 
Note: 2: Pulse test: 80ns to 300|js, 1% duty cycle. 



PACKAGE DIMENSIONS 



S 4 3 2 



1 

0.310 
O.JTS 

17.871 



TOP OF PACKAGE 

• NOTCH OR HOLE IN PIN 1 
VISIBLE FROM TOP ANCHOR 
SIDE 

• NOTCH IN END OF PACKAGE 
VISIBLE FROM TOP AND 1 ' OR 
BOTTOM 



m nn m nn m m m 



Lil H N LnJ N N L»l 

TOP VIEW 



TOP OF PACKAGE 
« NOTCH OR HOLE IN PIN 1 
VISIBLE FROM TOP AND/OR 

• NOTCH IN END OF PA 
VISIBLE FROM TOP Al 



ALL DIMENSIONS IN INCHES 
0.030 'Ait DIMENSIONS IN MILLIMETERS) 
tl?7l 





!UD!1 IB.OBI 

L 



PLANE 

ma. u.06.1 

1.125 13.181 



am 

TOLERANCE 

NON- ACCUMULATIVE 



1 0.008 I.PO' 




14-LEAD DUAL-IN-LINE PACKAGE (P) 
(SIDE BRAZE) 



14-LEAD DUAL-IN-LINE PACKAGE (J) 
(PLASTIC) 



3-0 



ELECTRICAL CHARACTERISTICS Oa=25°C unless otherwise noted) 



Min Max Unit 



Test Conditions 



Static 



RVncp Hra i n -^n i irpp Rmnkrirtwn 
DSS ouui '-'C di ctjr\uuwi i 


60 




y 


V<~e— lr> — 100uA 


v GS(th) Gate Threshold Voltage 


0.8 


2.5 


V 


V DS = V GS. Id = 1mA 


'gss Gate Body Leakage 




100 


n A 

n a 


V GS =10V, V DS = 




500 


V GS = 10V, V DS = 0, T A = 125°C 


'dss Zero Gate Voltage Drain Current 




10 


..A 


Vgs = 0, V DS = 48V 




500 


V G s = 0, V DS = 48 V, T A = 125"C 


Vps(on) Drain-Source Saturation Voltage 1 




1 .0 


V 


Vqs = OV. Id — 0-^a 




1.65 


V GS = 10V, l D = 0.3A 




r DS<on) Drain-Source On Resistance 1 




7.5 


a 


V GS = 5V, In = 0.2 A 
GS ^_D 




5.5 


V GS =10V, l D = 0.3 A 


'Dion) On-State Drain Current 1 


0.2 




A 


V DS = 15V, V GS = 5V 


0.5 




V DS = 15V,V GS = 10V 


Dynamic 


gts Forward Transconductance 1 


100 




mS 


V DS = 15V, l D = 0.5A 


C iss Input Capacitance 




60 


pF 


V DS = 25V, V GS = 0, f = 1MHz 


C rss Reverse Transfer Capacitance 




5 


C oss Common-Source Output Capacitance 




25 


t 0N Turn-ON Time 




10 


ns 


V DD = 15V, R L = 23Q, R g =252, l D =0.6A 
(Figure 1) 


t FF Turn-OFF Time 




10 



Drain-Source Diode Characteristics 







Typ 



V SD Forward ON Voltage 1 







-0.85 



l s = -0.5 A, V GS = 



, 



Reverse Recovery Time 



165 



ns 



l F = l R = 0.3A, V GS = 
(Figure 2) 



Note 1: Pulse test — 80us to 300ns, 1 % duty cycle 

TEST CIRCUITS 

FIGURE 1. Switching Test Circuit 



Refer to VNML Design Curves (See Section 4) 



FIGURE 2. JEDEC Reverse Recovery Circuit 
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Siliconix 
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■ 



30V 



N-Channel Enhancement Mode 

Quad MOSPOWER Array 



s 

Siliconix 



This power FET is designed especially for low power high frequency inverters, interface to 
CMOS and TTL logic, line drivers and Analog Switching. 



FEATURES 

■ High Input Impedance 

■ Extremely Fast Switching 

■ Rugged 

■ internal Drain-Source Diode 

■ Dual-ln-Line Package for Packing 
Density and Automatic Insertion 

BENEFITS 

■ Reduced Component Count 

■ Simpler Designs 

— Directly Interfaces CMOS & TTL 

■ Improved Circuit Performance 

■ Increased Reliability 



Product Summary 



Part 
Number 


BVqsS 
(Volts) 


RDS(ON) 
(Ohms) 


Package 


VQ1001P 


30 


1 


Side Braze 


VQ1001J 


30 


1 


Plastic 




GC 



LgJ LsJ H LnJ [hI N |«J 

D 3 S3 G3 NC G 4 S4 D 4 

TOP VIEW 
ORDER NUMBER: VO1001P. VQ10O1J 



ABSOLUTE MAXIMUM RATINGS (T A =25°C unless otherwise noted) 

Drain-Source Voltage 30V 

Drain-Gate Voltage 30V 



Drain Current 

Continuous 1 ±850mA 

Pulsed 12 ±3A 

Gate-Source Voltage ±40V 

Power Dissipation 

Single 1.30W 

Quad 2W 



Linear Derating Factor 

Single 10.4mW/°C 

Quad 16mW/°C 

Operating and Storage 

Temperature -55°C to +150°C 

Lead Temperature 
(1/16" from case for 10 sees) +300°C 



Note 1: Single device alone. Package limited. 
Note 2: Pulse test: 80ms to 300ys, 1% duty cycle. 



PACKAGE DIMENSIONS 
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14-LEAD DUAL-IN LINE PACKAGE (P) 
(SIDE BRAZE) 



14-LEAD DUAL-IN-LINE PACKAGE (J) 
(PLASTIC) 



Siliconix 





Parameter 


Min 


Max 


Unit 


Toot PnnHHirinc 







Static 






BV DSS 


Drain-Source Breakdown 


30 




V 


V GS = 0. I D =10mA 


v GS(th) 


Gate Threshold Voltage 


0.8 


2.5 


V 


VdS = Vqs. i D= 1| T'A 


!gSS 


Gate Body Leakage 




100 


nA 


V GS =16V, V DS = 




500 


V GS =16V. V DS = 0. T A = 125°C 


bss 


Zero Gate Voltage Drain Current 




10 


mA 


V GS = 0, V DS = 30V 




500 


V GS = 0, V DS = 30 V, T A = 125°C 


v DS(on) 


Drain-Source Saturation Voltage 1 




0.35 


V 


V GS = 5V, l D = 0.2A 




1.0 


V GS = 12V. I D = 1 A 


r DS(on) 


Drain-Source On Resistance 1 




1.0 


Q 


V GS =12V, l D = 1 A 


'D(on) 


On-State Drain Current 1 


2.0 




A 


V GS =12V, V DS = 15V 


Dynamic 




Forward Transconductance 1 


250 




mS 


V DS = 15V, l D = 500mA 




Input Capacitance 




100 






Crss 




Reverse Transfer Capacitance 




55 


pF 


V DS = 15V, V GS = 0, f = 1MHz 


C ss 


Common-Source Output Capacitance 




80 






'on 


Turn-ON Time 




30 


ns 


V DD =15V, R L = 24S, R g = 25S, l D = 0.6A 


•OFF 


Turn-OFF Time 




30 


(Figure 1) 



ELECTRICAL CHARACTERISTICS (T A =25°C unless otherwise noted) 



o 
2 



o 
2 



Drain-Source Diode Characteristics 



Typ 



V S D 



Forward ON Voltage 1 



-0.9 



V GS = 0, l s = -0.5 A 



Reverse Recovery Time 



50 



I f = Ir = 0.5A 
(Figure 2) 



Note 1: Pulse test — 80 M s to 300jjS, 1% duty cycle 

TEST CIRCUITS 

FIGURE 1. Switching Test Circuit 



Refer to VNMH03 Design Curves (See Section 4) 



FIGURE 2. JEDEC Reverse Recovery Circuit 



V|N Vdd 
9 9 



r 




>23<2 



1 



Rs 



T 

J 



Cs 



-O VOUT 



CIRCUIT — 
UNDER 
[GENERATORj [TEST _ 

P.W. = 1uS Cs<50pF 
DUTYCYCLE = 1% 




FROM TRIGGER CKT 



Siliconix 



3 

o 
o 

3 



O 



VQ1004P ■ 
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S 
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90V 



N-Channel Enhancement Mode 

Quad MOSPOWER Array 



Product Summary 



This power FET is designed especially for low power high frequency inverters, interface to 
CMOS and TTL logic, line drivers and Analog Switching. 

FEATURES 

■ High Input Impedance 

■ Extremely Fast Switching 

■ Rugged — Dissipation Limited SOA 

■ Internal Drain-Source Diode 

■ Dual-ln-Line Package for Packing 
Density and Automatic Insertion 



BENEFITS 

■ Reduced Component Count 

■ Simpler Designs 

— Directly Interfaces CMOS & TTL 

■ Improved Circuit Performance 

■ Increased Reliability 



Part 
Number 


Package 


R DS(on) 


Id 


BVnss 


VQ1004P 


14 Pin DIP, Side Braze 


3.5 a 


0.46 A 


60 V 


VQ1004J 


14 Pin DIP, Plastic 


VQ1006P 


14 Pin DIP, Side Braze 


4.5Q 


0.40 A 


90V 


VQ1006J 


14 Pin DIP, Plastic 


D2 S2 G2 NC Gi Si Di 


D 

S 




N N 

( 

N N 





D 3 S3 G 3 NC G 4 S< D 4 

TOP VIEW 

ORDER NUMBER: VQ1004P, VQ1004J, VQ1006P, VQ1006J 



ABSOLUTE MAXIMUM RATINGS (T A =25°C unless otherwise noted) 



Drain-Source Voltage 

VQ1004P, J : 60V 

VQ1006P, J 90V 

Drain-Gate Voltage 

VQ1004P, J 60 V 

VQ1006P, J 90 V 



Power Dissipation 

Single 

Quad 



.1.30W 
. . .2W 



Gate Current (Peak). 



...... 







. ±1A 



Gate-Source Voltage ±40V 

Drain Current Continuous 1 

VQ1004P, J ±0.46 A 

VQ1006P, J ±0.40 A 

Drain Current 

Pulsed* ±2A 

Note 1: Single device alone. Package limited. 
Note 2: Pulse test: 80fis to 300|iS, 1% duty cycle. 



Linear Derating Factor 

Single lO^mWrc 

Quad 16mW/°C 

Thermal Resistance 

Single 96.2°C/W 

Quad 62.5°C/W 

Operating and Storage 

Temperature -55°C to +150°C 

Lead Temperature 
(1/16 " from case for 10 sees) +300°C 



PACKAGE DIMENSIONS 



Vli & lU, l!L CU 

TOP VIEW 



■J. i LS 



PIN 1 INDEX IS ONE OR MORE OF 
THE FOLLOWING 

• DOT |INK OR IMPRESSION) ON 
TOP OF PACKAGE 

VISIBL£°fiOM L TOP AND 'on 

* NOTCH IN END OF PACKAGE 



shhs: — 



m m m m m m m 



OJ230 TOP OF PACKAGE 

(f8& . NOTCH OR HOLE IN PIN 1 
'*■?> VISIBLE FROM TOP AND' OR 



N END OF PACKAGE 



□ 




|. am — 




n.rsi 



14* 




ussst™ -I V- *p sgjf— \v— 



14-LEAD DUAL-IN-LINE PACKAGE (P) 
(SIDE BRAZE) 



14-LEAD DUAL-IN-LINE PACKAGE (J) 
(PLASTIC) 
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ELECTRICAL CHARACTERISTICS (T A =25°C unless otherwise noted) 



8 

o 

s 

-o 



o 
o 



g 

o 
o 

ON 

-o 



o 
o 







_Pan 



ameter 



Part Number Mln Max Unit 



Test Conditions 



Static 



BV DSS Drain-Source Breakdown 



VQ1004 



VQ1006 



60 



90 



V GS = 0, l D = 10 H A 







v GS(th) Gate-Source Threshold 
Voltage 



All 



0.8 



2.5 



V D S = V G S, Id = 1mA 



IqSS Gate Boc) y Leakage 



All 



nA 



V GS = 15V, V DS = 



'VOC 



500 



V GS = 15V, V DS = 0, T A =125°C 



Zero Gate Voltage Drain 
Current 



All 



500 



MA 



V GS = 0, V D s = 0.8 Max Rating 



V GS = 0, V DS = 0.8 Max Rating, T A =125°C 



All 



1.5 



VDS(on) 



Drain-Source Saturation 
Voltage 1 



VGS = 5V,I 







VQ1004 



3.5 



VQ1006 



4.5 



V GS = 10V, l D = 1A 



i. <■' 



All 



V GS = 5V, l D = 0.3A 



r DS(on) 



Drain-Source On 
Resistance 1 



VQ1004 



3.5 



VQ1006 



4.5 



V GS = 10V, lrj = 1A 



lD(on) On-State Drain Current 1 



All 



1.5 



V GS = 10V, V DS = 25V 















Dynamic 



Forward Transcon- 
9<s ductance 1 



All 



170 



mS 



V DS = 25V, l D = 0.5A 



V DS = 25V, V GS = 0, f = 1 MHz 



Cj SS Input Capacitance 



All 



60 



Rev< 
tanc 



Common-Source Output 
Capacitance 



All 



50 



_tON_ 



Turn-ON Time 



All 



10 



<OFF 



Turn-OFF Time 



All 



10 



V DD = 25V, R L = 23Q, R g = 25Q, l D =1A 



Drain-Source Diode Characteristics 



Typ 



V SD Forward ON Voltage 1 



All 



-0.9 



VGS = 0, l s = -1 A 



Reverse Recovery Time 



35 ns V GS = 0, l F = l R = 1A 







Note 1: Pulse test — 80(is to 300ns, 1% duty cycle 

TEST CIRCUITS 

FIGURE 1. Switching Test Circuit 



FIGURE 2. JEDEC Reverse Recovery Circuit 
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P-Channel Enhancement Mode 

Quad MOSPOWER Array 



This power FET is designed especially for low power high frequency inverters, interface to 
CMOS and TTL logic, line drivers and Analog Switching. 



FEATURES 

■ High Input Impedance 

■ Extremely Fast Switching 

■ Rugged 

■ Internal Drain-Source Diode 

■ Dual-ln-Line Package for Packing 
Density and Automatic Insertion 

BENEFITS 

■ Reduced Component Count 

■ Simpler Designs 

■ Improved Circuit Performance 

■ Increased Reliability 



Product Summary 



Part 
Number 


BVdSS 
(Volts) 


Rds<on) 
(Ohms) 


Package 


VQ2001P 


-30 


2 


Side Braze 


VQ2001J 


-30 


2 


Plastic 



□2 S2 G2 NC G t Si Di 




[aj [sj [10J [nj [12] [13J [14J 

D 3 S3 G 3 NC G 4 S 4 D A 

TOP VIEW 
ORDER NUMBER: VQ2001P, VQ2001J 



ABSOLUTE MAXIMUM RATINGS (T A = 25°C unless otherwise noted) 

Drain-Source Voltage -30V 

Drain-Gate Voltage -30V 



Linear Derating Factor 

Single 10.4mW/°C 

Quad 16mW/°C 



Drain Current 

Continuous 1 ±600mA 

Pulsed 12 ±2A 

Gate-Source Voltage ±40V 

Power Dissipation 

Single 1.30W 

Quad 2W 



Operating and Storage 

Temperature -55°C to +150°C 

Lead Temperature 
(1/16" from case for 10 sees) +300°C 



Note 1: Single device alone. Package limited. 
Note 2: Pulse test: 80ys to 30CVs, 1 % duty cycle. 



PACKAGE DIMENSIONS 
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14-LEAD DUAL-IN-LINE PACKAGE (P) 
(SIDE BRAZE) 




14-LEAD DUAL-IN-LINE PACKAGE (J) 
(PLASTIC) 
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ELECTRICAL CHARACTERISTICS (T A =25°C unless otherwise noted) 





Parameter 


Mln 


Max 


Unit 


Test Conditions 


Static 


BV DSS 


Drain-Source Breakdown 


-30 




V 


Vgs = o. Id = -n>iiA 


v GS(th) 


Gate Threshold Voltage 


-2 


-4.5 


V 


v ds = Vgs. Id = _1 m a 


Igss 


Gate Body Leakage 




-100 


nA 


V GS = -16V, V DS = 




-500 


V*~c = -16V Vnc = Ta=125°C 


'dSS Zero Ga,e Voltage Drain Current 




-10 


(-A 


W-c = Vnc = -30V 




-500 


Vrc; = Vn<; = -30V Ta=125°C 


v DS(on) 


Drain-Source Saturation Voltage 1 




-2 


V 


Vr-<; = -12V ln = -1A 


r DS(on) 




Drain-Source On Resistance 1 




2 


Q 


V,-q = -12V ln = -1A 


! D(on) 


On-State Drain Current 1 


-1.5 




A 


Vr« = -12V Vns = -15V 






Dynamic 






9fs 




Forward Transconductance 1 


200 




mS 


V DS = -15V, l D = -500mA 


Ciss 


Input Capacitance 




150 




■ 


c rss 


Reverse Transfer Capacitance 




60 


pF 


V DS = -15V,V QS = 0,f = 1MHz 


C ss 


Common-Source Output Capacitance 




100 








Turn-ON Time 




30 


ns 


V DD = -15V, R L = 23S, R g = 250, l D =-0.6A 


*OFF 


Turn-OFF Time 




30 


(Figure 1) 


Drain-Source Diode Characteristics 




Typ 






V S D 


Forward ON Voltage 1 


0.9 


V 


V GS = 0, I S = 0.5 A 


trr 


Reverse Recovery Time 


65 


ns 


Vgs = ". I f = Ir = 0.5A 
(Figure 2) 










Note 1 : Pulse test - 80 M s to 300us, 1 % duty cycle 




Refer to VPMH03 Design Curves (See Section 4) 


TEST CIRCUITS 












FIGURE 1. Switching Test Circuit 








FIGURE 2. Reverse Recovery Test Circuit 
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VQ2006P ■ VQ2006J ]J 

Siliconix 



90V 



P-Channel Enhancement Mode 

Quad MOSPOWER Array 



This power FET is designed especially for low power high frequency inverters, interface to 
CMOS and TTL logic, line drivers and Analog Switching. 



FEATURES 

■ High Input Impedance 

■ Extremely Fast Switching 

■ Rugged 

■ Internal Drain-Source Diode 

■ Dual-ln-Line Package for Packing 
Density and Automatic Insertion 

BENEFITS 

■ Reduced Component Count 

■ Simpler Designs 

■ Improved Circuit Performance 

■ Increased Reliability 



Product Summary 



Part 
Number 


BVDSS 
(Volts) 


Rds(ON) 
(Ohms) 


Package 


VQ2006P 


-90 


5 


Side Braze 




-90 


5 


Plastic 


VQ2006J 



D2 S2 G2 NC Gi Sj Di 

mmmmmmm 



s 



LaJ LiJ h°J Lul Isl H H 

D3 S3 G3 NC G 4 S4 D4 

TOP VIEW 
ORDER NUMBER: VQ2006P, VQ2006J 



ABSOLUTE MAXIMUM RATINGS (T A =25°C unless otherwise noted) 

Drain-Source Voltage -90V 



Drain-Gate Voltage -90V 

Drain Current 

Continuous 1 ±410mA 

Pulsed 12 ±3 OA 

Gate-Source Voltage ±40V 

Gate Current Peak ±1A 

Power Dissipation 

Single 1.30W 

Quad 2W 



Linear Derating Factor 

Single 10.4mW/°C 

Quad 16mW/°C 

Operating and Storage 

Temperature -55°C to +150°C 

Lead Temperature 
(1/16" from case for 10 sees) +300°C 



Note 1: Single device alone. Package limited. 
Note 2: Pulse test: 80ps to 300(/s, 1 % duty cycle. 



PACKAGE DIMENSIONS 





<T 5 4 3 








J IL3JD 








B 


9 ID 11 12 13 


a 1 1. 


to* view 
dim jrsss, 





PIN 1 INDEX IS ONE OH MORE OF 



m r*i m S3 m m rn 



ili l*i H inJ Lul [hJ H 



L • NOTCH IN END OF PACKAGE 

VISIBLE FROM TOP AND/OR 
BOTTOM 

OOSfl ALL DIMENSIONS IN INCHES 





ITYl 



-a J4aa™ 

OJSl ™ TOLERANCE 

II Ol NON-ACCUMULATH-f 



II 



L_SJU2I.JJ/ T yp 




I OJWiS 



' TYP 0.0O8 



14-LEAD DUAL-IN-LINE PACKAGE (?) 
(SIDE BRAZE) 



» 



14-LEAD DUAL-IN-LINE PACKAGE (J) 
(PLASTIC) 



3-8 



Parameter Min 


Max Unit 


Test Conditions 


Static 


BVqss Drain-Source Breakdown 


-90 




V 


Vqs = °. Id = -10mA 


v GS(th) Gate Threshold Voltage 


-2.0 


-4.5 


V 


Vds = Vgs. Id = -1mA 


Iqss Gate Bod y Leakage 




-100 


nA 


V GS = -30V, V DS = 




-500 


V GS = -30V, V DS = 0,T A = 125'C 




loss Zero Gate Voltage Drain Current 




-10 


eA 


Vqs = 0, V DS = -90V 




-500 


Vgs = 0. v D s = -90V, t a = 125°C 


v DS(on| Drain-Source Saturation Voltage 1 




-5.0 


V 


v GS = -10V, Id = -ia 


r DS(on) Drain-Source On Resistance 1 




5.0 


Q 


V GS = -10V, l D = -1A 


'D(on) On-State Drain Current 1 


-1.0 




A 


V GS = -10V, V DS = -15V 


Dynamic 


gf S Forward Transconductance 1 


200 




mS 


V DS = -25V, l D = -500mA 


C| SS Input Capacitance 




150 


pF 


V DS = -25V, V GS = 0, f = 1MHz 


C rss Reverse Transfer Capacitance 




20 


C oss Common-Source Output Capacitance 




60 


t N Turn-ON Time 




15 


ns 


( V Fig D ure"lf V ' Rl = 232 ' R 9 = 25fi ' ' D = " 1A 


tQFF Turn-OFF Time 
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Drain-Source Diode Characteristics 










— "77777777: ; 
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V 


V GS = 0,, S = 0.5A 


t rr Reverse Recovery Time 
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ns 


V GS = 0,l F = lR = 0.5A 
(Figures 



ELECTRICAL CHARACTERISTICS (T A =25°C unless otherwise noted) 



Note 1: Pulse test — 80 us to 300us, 1% duty cycle 

TEST CIRCUITS 



FIGURE 1. Switching Test Circuit 



AC 



Refer to VPMH10 Design Curves (See Section 4) 



FIGURE 2. JEDEC Reverse Recovery Circuit 




j CIRCUIT _ 
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FROM TRIGGER CKT 



Siliconix 



■IV V IVIV/vH \yV«LI\ 

This power FET is designed especially for low power high frequency inverters, interface to 
CMOS and TTL logic, line drivers, Analog Switching and X and Y coils of bubble memories. 



FEATURES 

■ High Input Impedance 

■ Extremely Fast Switching 

■ Rugged 

■ Internal Drain-Source Diode 
BENEFITS 

■ Reduced Component Count 

■ Simpler Designs 

— Directly Interfaces CMOS & TTL 

■ Improved Circuit Performance 

■ Increased Reliability 



Product Summary 



Part 


BVpsS 


Rds(on) 


Package 


Number 


(Volts) 


Sum 


VQ7254P 


20 


3Q 


Side Braze 


VQ7254J 


20 


3S3 


Plastic 



0; Sj Gj NC G| S, 0, 



NChannel 



U W 14 |m| |«| t£] |h| P-Chaniwl =~J| 

D, S 3 G, NC G. S, D, 

TOP VIEW 
ORDER NUMBER: VQ7254P, VQ7254J 



ABSOLUTE MAXIMUM RATINGS (T C = 25°C unless otherwise noted) 



Drain-Source Voltage 2 



20V 
15V 



Drain-Gate Voltage 2 

Drain Current 

Continuous 12 2 A 

Pulsed 3A 

Gate-Source Voltage 2 ±40V 

Total Power Dissipation @Ta = 25°C 1.75W 



Total Power Dissipation @T A = 80°C 1.05W 

Storage Temperature -40°C to +150°C 

Temperature Under Bias -40°C to +100°C 

Lead Temperature 
(1/16" from case for 10 sees) +300°C 

Note 1: Single device alone. Limited by package dissipation. 
Note 2: Reverse polarities for P-Channel. 



PACKAGE DIMENSIONS 
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n itn " OOT (INK OH IMPRESSIONI ON 
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V. 1' *n VISIBLE FROM TOP AND-OR 

is m SIDE 

• NOTCH IN E ND OF PACKAGE 
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TOP VIEW 
0.7BS 1199) 


1 1 BOTTOM 
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0-050 <*LL OlttNSlONS IN til HMt 'IRS' 
. | 0070 



TOO p OH) 
100 IP Ml 

J_ SEATING 
PLANE 




m m m m m m m 



L»J LiJ N LnJ LhJ laJ N 



230 

(GJ6J 
15 841 



090 <2 2Vl 
TOLERANCE 
NON- ACCUMULATIVE 



_J . 0.023 . 



0.015 
L5SJ 
f38, 
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I 76/ 
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1 
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PLANE I 5JM^ / 
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.QJ12.LZZ2J tvp 
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' TVP nnno 
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1.3!) 



14-LEAD DUAL-IN-LINE PACKAGE (P) 
(SIDE BRAZE) 



14-LEAD DUAL-IN-LINE PACKAGE (J) 
(PLASTIC) 



Siliconix 



ELECTRICAL CHARACTERISTICS (T A =25°C unless otherwise noted) 



Parameter 


N-Channel 


P-Channel 


Unit 


Test Conditions 


Min 


Max 


Min 


Max 


(Reverse Polarity for P-Channel) 

1 










Static 








BV DSS 


Drain-Source Breakdown 




20 




20 




V 


Vqs = 0, I d = 10mA 


v GS(th) 


Gate-Source Threshold 
Voltage 




0.80 




0.80 




V 


Vds = Vqs. l D =1mA,T A = 25°C 


v GS(th) Gate-Source Threshold 
Voltage 


0.65 




0.65 




v I 


Vds = Vqs. I D = 1 mA, T A = 85°C 


Iqss Gate Body Leakage 




100 




100 


nA 


V GS = 12V, V D s = 0,T A = 25°C 


Zero Gate Voltage Drain 
'DSS Current 




0.5 




0.5 


mA 


Vgs = C V DS = 20V,T A = 25 <> C 


r DS(on) 


On-State Resistance 1 






3 

Ql+Q 2 




3 

Q3+0.4 


a 


Vqs = 11.4V, Id = 1A 










Dynamic 








Clss 


Input Capacitance 






175 




190 


pF 


V ds = 12V, V GS = 0, f = 1MHz, 
T A = 25°C 


*ON 


Turn-ON Time 






20 




30 


ns 


V D D = 17V, R L =15B, R S = 25Q, 


*OFF 


Turn-OFF Time 






20 




30 


T A = 25°C (Figure 1) 








Drain-Source Diode Characteristics 






Max 


Max 






V S D 


Forward ON Voltage 




-0.75 


0.75 


V 


V GS = 0, l F = 50mA, T A = 25°C 




-1.20 


1.20 




V GS = 0, l F = 1 A, T A = 25°C 






Note 1: rns increases 0.6%/°C 


• v.- 














Note 2: Pulse test-80 M s to 300ms, 1% du 


y cycle 











TEST CIRCUITS (Reverse Polarity for 

FIGURE 1. Switching Time Test Circuit 



el) 



PULSE GENERATOR 
HP215A OR EOUIV. 



FIGURE 2. Switching Time Test Waveforms 
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Quad N- and P-Channel Enhancement Mode 

MOSPOWER 



This power FET is designed especially for low power high frequency inverters, interface to 
CMOS and TTL logic, line drivers and Analog Switching. 



FEATURES 

■ High Input Impedance 

■ Extremely Fast Switching 

■ Rugged 

■ Internal Drain-Source Diode 
BENEFITS 

■ Reduced Component Count 

■ Simpler Designs 

— Directly Interfaces CMOS & TTL 

■ Improved Circuit Performance 

■ Increased Reliability 




Product Summary 



Part 
Number 


bvdss 

(Volts) 


RDS(ON) 
(Ohms) 


Package 




VQ3001P 


30 


1 &2 


Side Braze 


VQ3001J 


30 


1 &2 


Plastic 



D. 5; Gj HZ G, S, D 











c 


N-Channel '"~ J ' s j 










P-Channol o^Jjfcl 



TOP VIEW 
ORDER NUMBER: VQ3001P, VQ3001J 



ABSOLUTE MAXIMUM RATINGS (T C = 25°C unless otherwise noted) 



Drain-Source Voltage -30V 

Drain-Gate Voltage 30V 

Drain Current 

Continuous 1 

P-Channel ±600mA 

N-Channel ±850mA 

Pulsed 2 

P-Channel ±2A 

N-Channel ±3A 

Gate-Source Voltage ±40V 

Note 1: Single device alone. Package limited. 
Note 2: Pulse test: 80ns to 300>s, 1 % duty cycle. 



Power Dissipation 

oSv.V.V.V.V.V.V.V.V.V.'.'.'.'.'.'.'.'.'.'. 1 ' 3 2w 

Linear Derating Factor 

Single 10.4mW/°C 

Quad 16mW/°C 

Operating and Storage 
Temperature -55°C to +150°C 

Lead Temperature 
(1/16" from case for 10 sees) +300°C 




PIN 1 INDEX ISONt OR MORE OF 
THE FOLLOWING 

• DOT IINK OR IMPRESSION) ON 
TOP OF PACKAGE 

• NOTCH OR HOLE IN PIN 1 
VISIBLE FROM TOP AND/OR 



NOTCH IN END OF PACKAGE 
VISIBLE FROM TOP AND/OR 
BOTTOM 



m m m m m m m 



LsJ LjU LhJ LnJ l«J L^J N 

TOP VIEW 
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14-LEAD DUAL-IN-LINE PACKAGE (P) 
(SIDE BRAZE) 



14-LEAD DUAL-IN-LINE PACKAGE (J) 
(PLASTIC) 



3-12 



ELECTRICAL CHARACTERISTICS (T A =25°C unless otherwise noted) 





Parameter 


N-Channel 


P-Channel 


Unit 


Test Conditions 






Mln 


Max 


Mln 


Max 


(Reverse Polarity for P-Channel) 


Static 


BVqss 


Drain-Source Breakdown 


30 




-30 




V 


Vgs = 0. l D = 10fA 


v GS(th) 


Gate-Source Threshold 
Voltage 


0.8 


2.5 


-2 


—4.5 


V 


V DS = V GS. lD= 1mA 


Igss 


Gate Body Leakage 




100 




-100 


nA 


V GS = 16V, V DS = 




500 




-500 


V GS = 16 V, V DS = 0, T A = 125°C 


loss 


Zero Gate Voltage Drain 




10 




-10 


mA 


Vgs = °. V DS = 24V 




Current 




500 




-500 


Vqs = 0, V ds = 24V, T A =125°C 


'Dfon) 


On-State Drain Current 1 


2 




-1.5 




A 


V GS =12V, V DS = 15V 


v DS 


Drain-Source On-State Voltage 1 




0.35 






V 


V QS = 5V, l D = 200mA 




1 




-2 




V GS =12V, l D = 1 A 


Dynamic 


9fs 


Forward Transconductance 1 


250 




200 




mS 


V DS = 15V, l D = 500mA 




Input Capacitance 




100 




150 






^rss 


Reverse Transfer Capacitance 




55 




60 


pF 


V DS = 15V, V QS = 0, f = 1MHz 


C ss 


Common-Source Output 
Capacitance 




80 




100 


'on 


Turn-ON Time 




30 




30 


ns 


V DD = 15V, R L = 230, R g =25Q, 


'off 


Turn-OFF Time 




30 




30 


Id=0.6A (Figure 1) 
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Drain-Source Diode Characteristics 



Typ 



Typ 



V S D 



Forward ON Voltage 



-0.72 



0.72 



V GS = 0, l F = 50mA 



Reverse Recovery Time 



50 



65 



V GS = 0, l F = l R = 0.5A 
(Figure 2) 



Note 1: Pulse test — 80^s to 300ms, 1% duty cycle 
TEST CIRCUITS (Reverse Polarity for P-Channel) 

FIGURE 1, Switching Test Circuit 



FIGURE 2. Reverse Recovery Test Circuit 




P.W. = 1 ia 
DUTY CYCLE = 1% 
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N-/P-Channel 
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TYPICAL STATIC CHARACTERISTICS 

(Pulse width 80^s— 300^s, Duty cycle 1%, Tc=25°C) 
Part Numbers: VNL001A, VNM001A, VNN002A, VNP002A 
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ON Resistance Characteristics 
VNL001A, VNM001A 
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GATE ENHANCEMENT VOLTAGE (VOLTS) 
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ON Resistance Characteristics 
VNN002A, VNP002A 

— I 1 

VNN002A 
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Temperature Effects on rns(on) 




Transfer Characteristics 
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Tj — JUNCTION TEMPERATURE ("C) 
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TYPICAL CHARACTERISTICS (Cont'd) 

Part Numbers: VNL001A, VNM001A, VNN002A, VNP002A 



VNDA / 200°C 

AiOCj/V :aie<tffiut4 fib<l 1 



Effects of Load Conditions 



Effects of Drive Resistance 
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Off -State Current 
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Gate Leakage Current 
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Transfer Characteristics 
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TYPICAL STATIC CHARACTERISTICS VNDA12 

(Pulse width 80^s-300ms, Duty cycle 1%, T C =25°C) 

Part Numbers: VN0800A, VN0801A, VN1000A, VN1001A, VN1200A, VN1201A, VN0800D, VN0801D, VN1000D, VN1001D, 
VN1200D, VN1201D, IRF130, IRF131, IRF132, IRF133, IRF530, IRF531, IRF532, IRF533 



Ohmic Region 
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V DS — DRAIN SOURCE VOLTAGE (VOLTS) 
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Temperature Effects on rrjs<on) 



ON Resistance Characteristics 
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TYPICAL CHARACTERISTICS (Cont'd) VNDA1 2 

Part Numbers: VN0800A, VN0801A, VN1000A, VN1001A, VN1200A, VN1201A, VN0800D, VN0801D, VN1000D, VN1001D, 
VN1200D, VN1201D, IRF130, IRF131, IRF132, IRF133, IRF530, IRF531, IRF532, IRF533 

SAFE OPERATING AREA 



Safe Operating Area, Active Region 




Safe Operating Area, Switching 
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20 50 100 200 
V DS — DRAIN SOURCE VOLTAGE (VOLTS) 





TYPICAL STATIC CHARACTERISTICS VNDA40 

(Pulse width 80>s-30CVs, Duty cycle 1%, T C =25°C) 

Part Numbers: VN3500A, VN3500D, VN3501A, VN3501D, VN4000A, VN4000D, VN4001A, VN4001D, IRF330, IRF331, 
IRF332, IRF333, IRF730, IRF731, IRF732, IRF733 



Ohmic Region 



Voltage Saturation Region 
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Temperature Effects on rns(on) 



ON Resistance Characteristics 
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Safe Operating Area, 
Active Region, TO-3 Package 
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Safe Operating Area, 
Active Region, TO-220AB Package 
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Safe Operating Area, Switching 




T C — CASE TEMPERATURE (°C) 



Thermal Response 
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V DS — DRAIN SOURCE VOLTAGE (VOLTS) 



The safe operating area data of "Active Region, 
TO-3 Package" and "Active Region, TO-220AB 
Package" indicates maximum operating current 
as a function of voltage and time at T c = 25°C. At 
elevated temperatures, power must be derated 
using the derating factor, K D from "Power 
Derating". Current limitations imposed by r DS(t , n) 
are not shown except at 25°C. When operating in 
the ohmic region, the maximum current is found 
from: 



SJ 0.01 



z 

< 



0.1 1.0 10 

TIME (mS) 



100 



1000 



In 



25°C 



where P D is the power dissipation at operating 
case temperature and r DS , on) is the on resistance 
for the part. K r is the multiplying factor for on-re- 
sistance at the maximum rated junction tempera- 
ture taken from "Temperature Effects on r DS(on) ". 

Since on-resistance varies somewhat with cur- 
rent, some iteration of l D and r DS(on) must be done 
using "ON Resistance Characteristics" as a 
guide. 
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TYPICAL CHARACTERISTICS (Cont'd) VNDA40 

Part Numbers: VN3500A, VN3500D, VN3501A, VN3501D, VN4000A, VN4000D, VN4001A, VN4001D, IRF330, IRF331, 
IRF332, IRF333, IRF730, IRF731, IRF732, IRF733 
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TYPICAL STATIC CHARACTERISTICS VNDA50 

(Pulse width 80fiS-300MS, Duty cycle 1%, T C =25°C) 

Part Numbers: VN4501A, VN4501D, VN4502A, VN4S02D, VN5001A, VN5001D, VN5002A, VN5002D, IRF430, IRF431, 
IRF432.IRF433, IRF830, IRF831, IRF832, IRF833 
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V DS - DRAIN SOURCE VOLTAGE (VOLTS) 

The safe operating area data of "Power Derat- 
ing" and "Safe Operating Area, Switching" in- 
dicates maximum operating current as a func- 
tion of voltage and time at T c = 25°C. At elevated 
temperatures, power must be derated using the 
derating factor, K D from "Thermal Response". 
Current limitations imposed by r DS(orl) are not 
shown except at 25°C. When operating in the 
ohmic region, the maximum current is found 
from: 



\ K r DS(on) @ 25'C/ 



j; 0.01 0.1 1.0 10 

I TIME(mS) 



100 



where P D is the power dissipation at operating 
case temperature and r DS(on , is the on resistance 
for the part. K, is the multiplying factor for on-re- 
sistance at the maximum rated junction tempera- 
ture taken from "Transfer Characteristics". 

Since on-resistance varies somewhat with cur- 
rent, some iteration of l D and r DS(on )must be done 
using "Threshold Region" as a guide. 
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Siliconix 



TYPICAL CHARACTERISTICS (Cont'd) VNDB24 

Part Numbers: VN2406L, VN1706L, VN1206L, VN2406M, VN1706M, VN1206M, VN2406B, VN1706B, VN1206B, 
VN2406D, VN1706D, VN1206D, VN2410L, VN1710L, VN1210L, VN2410M, VN1710M, VN1210M 
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TYPICAL STATIC CHARACTERISTICS VNMA 

(Pulse width 80ns-300jis, Duty cycle 1%, T C =25°C) 

Part Numbers: VN99AA, VN99AB, VN90AA, VN90AB, VN89AD, VN89AF, VN88AD, VN88AF, VN80AF, VN0808M, 
VN67AA, VN67AD, VN67AB, VN67AF, VN66AD, VN66AF, VN0606M, VN46AD, VN46AF, VN40AD, 
VN40AF, VN35AA, VN35AB, 2N6656, 2N6657, 2N6658, 2N6659, 2N6660, 2N6661 
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TYPICAL CHARACTERISTICS (Cont'd) VNMA 

Part Numbers: VN99AA, VN99AB, VN90AA, VN90AB, VN89AD, VN89AF, VN88AD, VN88AF, VN80AF, VN0808M, 
VN67AA, VN67AD, VN67AB, VN67AF, VN66AD, VN66AF, VN0606NI, VN46AD, VN46AF, VN40AD, 
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Siliconix 



TYPICAL STATIC CHARACTERISTICS 

(Pulse width 80^s-300/js, Duty cycle 1%, Tc=25°C) 
Part Numbers: VN0300D, VN0300M, VP1001P, VQ1001J, 

Segments 1 and 3: VQ3001P, VQ3001J, VQ7254P, VQ7254J 
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TYPICAL CHARACTERISTICS (Cont'd) 

Part Numbers: VN0300D, VN0300M, VP1001P, VQ1001J. 

Segments 1 and 3: VQ3001P, VQ3001J, VQ7254P, VQ7254J 
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Siliconix 



TYPICAL STATIC CHARACTERISTICS VNMK ■ VNML 

(Pulse width 80>s-300>s, Duty cycle 1%, T C =25°C) 

Part Numbers: VN10KM, VN10LM. VN10KE, VN10LE, VN0610L, VN2222L, VN2222LM, VN2222KM, VQ1000P, VQ1000J 
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Temperature Effects on ros<on) 

2.0 1 1 1 1 1 1 1 1 1 




z 

I 



-50 -25 25 50 75 100 125 150 
Tj-JUNCTION TEMPERATURE (°C) 



ON Resistance Characteristics 

2- 4 I — I — I — I 1 — I — I — I — I — I — I 1 - 




VGS- Vjh-GATE ENHANCEMENT VOLTAGE (VOLTS) 




TYPICAL CHARACTERISTICS (Cont'd) VPMH03 
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TYPICAL STATIC CHARACTERISTICS VPMH10 

(Pulse width 80hs-300ms, Duty cycle 1%, T C =25°C) 

Part Numbers: VP1008L, VP0808L, VP1008M, VP0808M, VQ2006P, VQ2006J, VP1008B, VP0808B 
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Siliconix 



RF Power FETs Selector Guide 



n-channel enhancement- 
mode RF Power FETs 
designed for. . . 

HF/VHF/UHF Amplifiers Class A, B, 
C, D or E. High Dynamic Range Amp 

BENEFITS 

■ Infinite VSWR 

■ No Thermal Runaway 

■ Broadband Capability 

■ Class A, B C, D, or E Operation 

■ Low Noise Figure 

■ High Dynamic Range 

■ Simple Bias Circuitry 

■ S-Parameter 



ORDERING INFORMATION 

DX XX XXX X 

^— Package Code 

Power Output (Watts) 

Suggested Operating 

Voltage 
Product Code 



PACKAGE CODES 

S = 380SOEF 
T = 500JOF 
U = 500SOEF 
V = Push-Pull 
W = C-220 Standard 
Z = 280SOE 



12.5 Volt DC — 300 MHz Series 



Part Number 


Test Frequency* 
(MHz) 


Rated Power Out 
(Watts) 
@ 12.5VQC 


Min. Gain 
(dB) 
12.5V, 175 MHz 


Min. BVqsS 


ejc 

(°C/W) 


DV1202S 


175 
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10.0 


45 


17.6 
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175 
175 


2.0 
2.0 


10.0 
10.0 
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45 
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17.6 


DV1205S 
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DV1205Z 
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175 
175 
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5.0 
5.0 


10.0 
10.0 
10.0 
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45 
45 


8.8 
7.0 
8.8 


DV1210S 


175 


10.0 


10.0 


45 


4.4 


DV1210W 
DV1210Z 


175 
175 


10.0 
10.0 


10.0 
10.0 


45 
45 


3.5 
4.4 


DV1220S 
DV1220W 


175 


20.0 


10.0 


45 
45 


2.2 
1.8 


175 


20.0 


10.0 


DV1230T 
DV1230W 


175 
175 


30.0 
30.0 


9.5 
9.3 


45 
45 


1.5 
1.2 


DV1240T 
DV1240U 
DV1240W 


175 
175 
175 


40.0 
40.0 
40.0 


9.0 
8.6 
9.0 


45 
45 
45 


1.1 
1.1 

0.9 


DV1260T 


175 


60.0 


8.0 


45 


0.73 



•All parts tested at 20:1 VSWR. 

Note: See application notes AN80-4. AN80-6. 
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o 

O 
0) 

« 
^2 





Test Frequency* 


rim 


m ruvvtfl WUl 

(Watts) 


nun. uam 
(dB) 




eje 


Part Number 


(MHz) 






@ 28Vpc 


28V, 175 MHz 


Min. BVqss 


(°C/W) 


DV2805S 


175 






5 


10 


80 


17.6 


DV2805W 


<I7C 

175 






5 


10 


80 


14.1 


DV2805Z 


175 






5 


10 


80 


17.6 


DV2810S 


175 






10 


10 


80 


8.8 


DV2810W 


175 






10 


10 


80 


7.0 


DV2810Z 


175 






10 


10 


80 


8.8 


DV2820S 


175 






20 


10 


80 


4.4 


DV2820W 


175 






20 


10 


80 


3.5 


DV2820Z 


175 






20 


10 


80 


4.4 


DV2840S 


175 






40 


10 


80 


2.2 


DV2840W 


1 75 






40 


10 


80 


1.8 


DV2880T 


175 






80 


10 


80 


1.1 


DV2880U 


175 






80 


10 


80 


1.1 


DV2880W 


175 






80 


10 


80 


0.9 


DV28120T 


175 






120 


10 


80 


0.73 


DV28120U 


175 






120 


9 


80 


0.73 


VMP4 


175 


20 


10 


60 


4.4 


28 Volt Push-Pull 


— DC-300 MHz Series 






















9Jc 




Test 


Test 






Gps (Min.) 


Thermal 




Frequency 


Voltage 


Pin (Max.) 


Pout @ 28 V 


Power Gain 


Impedance 


Part Number 


(MHz) 


(Vds) 


(Watts) 


(Watts) 


(dB) 


(°C/W) 


DV2880V 


175 


28 


8 


80 


10 


1.1 


DV28120V 


175 


28 


12 


120 


10 


0.73 


100 Volt DC — 300 MHz Series 








Rated Power Out 


Min. Gain 








Test Frequency* 




(Watts) 


(dB) 




8Jc 


Part Number 


(MHz) 




& 


} 12.5VDC 


12.5V, 175 MHz 


Min. BVQSS 


rc/w) 


DVD030S 


175 






25 


13 


220 


4.40 


DVD150T 


175 






120 


10 


220 


0.73 


•All parts tested at 20:1 VSWR. 
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DV1202S ■ DV1202W 



n-channel enhancement-mode 
RF Power FETs designed for... 

HF/VHF/UHF Amplifiers Class A, B, or C 
High Dynamic Range Amp 

Benefits 

Infinite VSWR 
No Thermal Runaway 
Broadband Capability 
Class A, B, or C Operation 
Low Noise Figure 
High Dynamic Range 
Simple Bias Circuitry 
S-Parameter Design 
Other devices in series: 

DV1205, DV1210, DV1220, DV1230, DV1240 



3 

Siliconix 

175 MHz 
6-24V 
2.0W 
10db 



Absolute Maximum 
Ratings (25°o 

Gate-Source Voltage 30 V 

Drain-Source Voltage 50 V 

Drain-Gate Voltage 50 V 

Drain Current (DC) 0.5 A 

Total Device Dissipation 10 W 

@ 25° Case 

0jc 17.6°C/W 

Storage Temperature -65°Cto150°C 

Junction Temperature 200°C 



Package 
TypeS 



Package 
Type W 



DV XX XXX X 

1 



Package 
Type 

Power Output 
Operating Voltage 
Frequency 




.380 SOE 
FLANGE 




C-220 



Electrical Characteristics (25°C) 



See page 5-62 for Package Dimensions 



Symbol 


Characteristic Min 


Typ 


Max 


Unit 


Test Conditions 


Poind) 


Power Output 2 






W 


Vds= 12.5 V, lDQ=0.25A 




Drain Efficiency 


60 




% 


- P| N = 0.20W, f = 175 MHz 


9m 


Transconductance 


100 




mmho 


V DS = 12.5 V, l D = 0.250 A 


Coss 
Crss 
Qss 


Output Capacity 
Reverse Transfer Capacity 
Input Capacity 


20 
2 
14 




PF 


V D S=12.5V, V G S = 0V 


NF<2> 


Small Signal Noise Figure 


7 




dB 


f = 175MHz, V D S = 12.5V 
l D = 0.25 A 


Notes: (1) All devices 100% power tested in Siliconix test fixture No. RF12175 [2] 

(2) Noise figure measured with 2.5 watt power matched source and load 







1 

IO 

o 
ro 
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Typical Performance Curves (2500 



Transconductance vs 
Drain Current 



Drain Current vs Output Characteristics vs 
Gate-to-Source Voltage Drain-to-Source Voltage 



\ 120 
1 





































































S" '2 5 








DUTY CYCLE 100% 
' 1 



DRAIN CURRENT (AMPS) 



1.5- . P ' V 



















/ 






















































































































































/ 









































1 1 1 1 1 

STEP VOLTAGE * 1 V 










□ 


UTV 


CYC 


LE< 


10C 


V- 








































































= 4.3. 
















— 


v- 























































































DC and Inductive Safe 
Operating Region 
Tc=25°C 



GATE-TO-SOURCE VOLTAGE [VOLTS) 

MTTF vs Chip 
Temperature 



10 20 30 40 50 

DRAIN TO SOURCE VOLTAGE (VOLTS) 

Power Dissipation vs 
Case Temperature 



PULSED MEASUREMENTS 



A«E« DUTY CYCLE 
10 




100 150 200 



































































































































































s 


1 


1 


2C 



DRAIN-TO-SOURCE VOLTAGE (VOLTS) 



Test Fixture 



CHIP TEMPERATURE CO 



CASE TEMPERATURE f 'C) 



DV1202S 175 MHz 

*v G s * v os 



V DS - 12.5 V 
l DQ -0.25A 




Parts List 

L/| 4 turns #18 AWG on 1/8" diameter 
L2 10 turns #22 AWG on 1/4" diameter 
L3 4 turns #16 AWG on 1/4" diameter 
#461 3-30 pF 
#462 5-80 pF 



All DV1202S are tested in this test fixture. 



siiicomx 



Small Signal 2-Port 
Parameters DV1202S 

2-Port Y-Parameter Matrix in Millimhos 



(MHz) (H 


v 11 

Ml 




*21 

(Heal imag] 


*12 

(Real Imag) 


Y22 
(R*al 


magi 






962 






1 59 


1.54 


20 


021 


148 


898 431 


007 - 335 


1 78 


2.38 


30 


.218 


227 


911 -6 85 


027 - 567 


1.66 


3 38 


40 


369 


307 


919 8 32 


048 -822 


1.47 


451 


50 


259 


424 


93 6 -10.7 


.089 -101 


174 


£ n 


60 


200 


530 




.119 -1.23 


1.83 


7.39 


70 


232 


6.38 


920 -170 




1 82 


8 78 


BO 


140 




961 -178 


217 -164 


2.29 


106 


90 


446 


5.49 


966 -191 


306 -197 


2.34 


11. S 


100 






981 -23 7 


363 - 219 


3.09 


13 1 


120 


VW 


121 


105 -27 


460 - 2 7 


4.23 


16 1 






HO 




695 3 49 


48 




160 


237 


161 


in 38 8 


949 417 


6.13 


2<C 


180 


295 


187 


114 -479 


1.25 -4.93 


692 


24.1 


200 


472 


21 3 


120 -585 


147 -546 


9.18 


272 


225 


512 


242 


126 - 70.1 


183 -6.43 


944 


307 


250 


629 


272 


130 -84.7 


2 36 -7 74 


103 


34.4 


275 


8.05 


304 


130 -101 


3.03 -9.24 


11.0 


38.5 


300 


105 


336 


125 -118 


3.64 -108 


11.9 


« e 


325 


13.7 


364 


119 -128 


446 -112 


122 


Mo 


350 


192 


395 


115 -148 


498 -13.0 


14.5 


48.5 


375 


20.5 


413 


103 -152 


6.43 -15.1 


13.0 


49.3 


400 


24.1 


419 


93 8 -159 


7.68 -161 


13.4 


508 


425 


279 


43.1 


83.8 -162 


849 -171 


14.9 


51.3 


450 


306 


435 


71.5 -167 


9_22 -180 


165 


53.1 


475 


307 


435 


63.4 -162 


11.0 -195 


15.6 


513 


500 


30.3 


41.4 


510 -156 


12.1 -20.9 


161 


52 3 




125 V | 


250 mA 











Polar S-Parameters in 
50.0 Ohm System 

$11 S21 S« S22 

on Angl) (Magn Angi) (Magn Angl) (Magn Angl) 



-69 
-76 
-83 
-95 
-105 



6.31 120 
5.89 114 



4.37 

3.76 
3.31 
292 
260 
2.37 



1.06 
99 



43 



-66 
-75 



Condmom 12 5 V« 250 mA 



Small Signal 2-Port 
Parameters DV1202W 

2-Port Y-Parameter Matrix in Millimhos 



.063 
-.132 



m d 

20 1 



4.32 
523 
6.33 
7.03 
846 
9.56 



34.3 
389 
418 
447 

521 
54.7 

56.6 



(Real 


Imag) 


(Real 


Imag) 


(R*CH 


Imag) 


98.7 


-2.88 


.005 


- 227 


221 


132 


961 


-2.54 


.015 


-.343 


2.21 


256 


97.1 


-3.78 


.038 


- 576 


1.94 


353 


972 


-6.92 


.058 


-.837 


1.73 


494 


989 


-794 


080 


-1.04 


201 


635 


993 


-7.01 


131 


-126 


213 


778 


101 


-10.1 


170 


-1.53 


2.21 


9.17 


102 


-112 


221 


-1.84 


2.64 


104 


103 


-111 


277 


-201 


295 


11.8 


106 


-11.4 


.311 


-2.24 


347 


135 


107 


-15.0 


.461 


-2.89 


40 


16.0 


106 


-18.5 


554 


-338 


4.65 


18.4 


113 


-213 


657 


-401 


588 


21.2 


115 


-24 6 


731 


-4 66 


649 


236 


113 


-263 


964 


-553 


6.25 


25.4 


117 


-298 


122 


-644 


698 


28.4 


128 


-34 4 


1.27 


-7.30 


830 


334 


131 


-429 


149 


-8.54 


820 


367 


136 


-49.5 


1.48 


-927 


9.45 


41.4 


137 


-568 


158 


-105 


103 


44.0 


140 


-69.4 


1.31 


-113 


11.8 


48.2 


142 


-71.3 


1.82 


-125 


110 


497 


136 


-78 3 


190 


-134 


11.7 


517 


154 


-988 


2.26 


-15,4 


13.6 


569 


160 


-112 


246 


-175 


169 


601 


160 


-130 


2.78 


-197 


15.4 


643 


162 


-164 


1.71 


-21.1 


24.0 


71.4 



Polar S-Parameters in 
50.0 Ohm System 



Conditions; 12.5 V® 0.25 A 





S21 


S12 


S22 


(MHi) (Magn Angl) 


[Magn 


Angl) 


(Magn Angl) 


(Magn Angl] 


10 .97 -10 


8.71 


170 


.02 83 


.80 -14 


20 .98 -18 


841 


163 


03 77 


.80 -24 


30 ,98 -27 


8.41 
8.13 


155 


.05 71 

.07 63 


.82 -36 
.82 -49 


« 96 -37 
50 .91 -47 


759 


145 

137 


08 56 


.79 -60 


60 88 -55 


708 


131 


09 61 


.79 -70 


70 84 -64 


651 


123 


10 45 


.77 -80 


80 81 -71 


610 


118 


.11 41 


75 -89 


90 79 -78 


562 


113 


.11 37 


74 -95 


100 .76 -84 


519 


109 


.11 33 


73 -102 


120 .72 -95 


442 


101 


.12 20 


72 -113 


140 69 -103 
160 58 -111 


385 

3.39 


95 
90 


.12 24 
.12 20 


71 -120 
.70 -128 


1B0 56 -118 


299 


86 


12 17 


70 -133 


200 .66 -123 


269 


82 


.13 15 


.71 -137 


225 66 -129 


240 


78 


13 13 


.72 -142 


250 56 -135 


2.14 


74 


12 9 


.73 -147 


275 66 -141 
300 .66 -145 
325 56 -149 
350 .66 -153 


1.91 
170 
1.53 
138 


69 
66 
64 
61 


12 7 
11 S 
11 5 

.n 4 


.73 -150 
.74 -152 
74 -154 
74 -156 


375 68 -156 
400 68 -158 
425 71 -163 
450 72 -165 


126 

1.16 
1.06 
99 


60 

57 
55 
55 


.to s 
.10 5 

09 6 
.09 8 


75 -156 

75 -156 

76 -159 
.76 -162 


475 .72 -168 


93 


53 


.09 10 


.77 -163 


500 72 -170 


.87 


53 


08 13 


77 -156 


Conditions: 12.5 V % 0.25 A 











Siliconix 



5- 



Applications 



DV1202S 50 MHz Crystal Oscillator 

■ 



0.001 #iFd 



Huh 



j|^zjDV1202S 




Parts List 

Li— 6 turns #18 on 1/8" diameter 
L2— 5turns # 22 on 3/16" diameter 



CENTER FREQUENCY 52.7 MHz 
RESOLUTION BW 10 Hz 
VBW 10 Hz 
SWP 20 sec 
SPAN 1 KHz 
POWER OUT 1 W 
EFFICIENCY 60% 



DV1202S 400 MHz Oscillator 



DV1202W500 MHz Amplifier 



+12.5 V 

o 



p 



100 (.Fdl^ , ^= 

J- t Li -L 



o 



-'-OOOUF DV1202S 

-•-4 



V DS - 12.5 V 
l DQ -0.2A 
1 = 500 MHz 



r 



l_ 2 2pF-10pF 



Parts List 

l\ — 8turns # 22closewound on 1/4" diameter 
L2- 1/2 inch #16 wire 
L3— 1 inch #16 wire 



■=1 



Parts List 



X 



_rmn_ 

1-2 



Cl , C2, C3, C4, ARCO #400, 1 - 7 pF 
L-i , L2, 1/2" length #12 wire 

L3 , 4 turns #22 enameled wire close wound on 1/4" diameter 



CAUTION: Beryllium Oxide - The top cap of 

this device is alumina which is harmless. However the 
ceramic portion between the leads and the metal flange is 
Beryllium Oxide, the dust of which is toxic. Care must 
therefore be taken during handling and mounting the 
device to prevent any damage to this area. 

Steps must be taken to ensure that all those who may handle, 
use, or dispose of this device are aware of its nature and of 
these necessary safety precautions. In particular the tran- 
sistor should never be thrown out with general industrial or 
domestic waste. 



DV1205S ■ DV1205W 



n-channel enhancement-mode 
RF Power FETs designed for... 

HF/VHF/UHF Amplifiers Class A, B, or C 
High Dynamic Range Amp 

Benefits 

Infinite VSWR 
No Thermal Runaway 
Broadband Capability 
Class A, B, or C Operation 
Low Noise Figure 
High Dynamic Range 
Simple Bias Circuitry 
S-Parameter Design 
Other devices in series: 

DV1202, DV1210, DV1220, DV1230, DV1240 



s 

Siliconix 

175MHz 
6-24V 
5W 
10dB 



Absolute Maximum 

Ratings (25°C) 

Gate-Source Voltage 30 V 

Drain-Source Voltage 50 V 

Drain-Gate Voltage 50 V 

Drain Current (DC) 1 A 

Total Device Dissipation 20 W 

@ 25° Case 

0jc 8.8°C/W 

Storage Temperature -65°Cto150°C 

Junction Temperature 200°C 



Package 
Types 



Package 
TypeW 



DV XX XXX X 

X_Package 
Type 



-Power Output 
-Operating Voltage 
- Frequency 





Electrical Characteristics 



.380 SOE r ,, n 
FLANGE 0-220 

See page 5-62 for Package Dimensions 



(25°C) 



Symbol 




Characteristic Min 


Typ 


Max 


Unit 


Test Conditions 


POUTd) 


Power Output 5 






W 


V D S = 12.5 V, lDQ = 0.5 A 




Drain Efficiency 


60 




% 


- P|N = 0.5W,f=175MHz 


9m 


Transconductance 


200 




mmho 


Vqs = 12.5V, Id = 0.5A 


Coss 
C rS s 
Ciss 


Output Capacity 
Reverse Transfer Capacity 
Input Capacity 


38 
4 

26 




PF 


V DS = 12.5 V, V G S = 0V 


NF<2> 


Small Signal Noise Figure 


7 




dB 


f = 175MHz, Vds = 12.5V 
ID = 0.5 A 


Notes: (1) All devices 100% power tested in Siliconix test fixture No. RF12175 [5] 
(2) Noise figure measured with 5 watt power matched source and load 



1 

ro 
o 

8 



1 

ro 
o 

% 



iransconaucTance vs 
Drain Current 




urain ourrem vs uurpur unaracTensncs vs 
Gate-to-Source Voltage Drain-to-Source Voltage 












-i. 1 
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z 










DUTY CYCLE < 1001 






























5 5 











































































































DRAIN CURRENT (AMPS! 



GATE TO SOURCE VOLTAGE (VOLTS) 



10 20 30 40 50 

DRAIN-TO-SOURCE VOLTAGE (VOLTS) 



DC and Inductive Safe 
Operating Region 
Tc = 25°C 



MTTF vs Chip 
Temperature 



Power Dissipation vs 
Case Temperature 
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DC 
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PULS 
ARE 
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U 


AS 

rY 


UR 
CY 
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ENTS 
E 

















DRAIN TO SOURCE VOLTAGE (VOLTS) 



CHIP TEMPERATURE I C) 



50 100 150 

CASE TEMPERATURE I C) 



Test Fixture 

DV1205 175 MHz 



V DS - 12.5 V ] 1 




Parts List 

Ci , C7, 2.7 to 30 pF, ARCO *461 trimmer capacitors 
C2, C9, 5 to 80 pF, ARCO *462 trimmer capacitors 
L.1. 3 turns # 18 AWG on 1/8" diameter, close wound 
L2, 2 turns *16 AWG on 1/8" diameter, close wound 
L3, 10 turns *22 AWG on 1/4" diameter, close wound 



All DV1205S are tested in this test fixture. 

■ 



■ 



Small Signal 2-Port 
Parameters DV1205S 

2-Port Y-Parameter Matrix in Millimhos 



Polar S-Parameters in 
50.0 Ohm System 



Fieq 


Vll 






*21 


*12 




*22 




Fraq 






S21 




S12 






2 


MHz) 




mag 


(R*al 


Imag) 




ima ) 


(Real Imag) 


(MHiJ 


(Mag 




[Magn 


AngO 


(Magn 




(Magn 


AngO 


10 


-116 




182 












10 


.98 


-20 


152 


160 


.02 


71 


72 


-29 






296 


180 


862 


"ou 


670 


356 


476 


20 


.90 


-43 


13.3 


145 


05 


59 


.70 


-58 










13 7 


054 




332 


676 












.07 


47 


.71 


-83 




738 


614 


184 


166 


096 


164 


2.94 


9.02 


40 


79 


64 


101 


117 


09 


36 


.72 


-102 


50 


-.518 


8.48 


187 


-214 


.178 


-2.02 






50 


.74 


-96 


8.44 


108 


.09 


29 


.71 


-115 


60 


- 400 


10.6 


186 


-254 


238 


-246 


366 


148 


60 


M 


-106 


Ml 


100 


.09 


23 


■TO 


-124 


70 


-.464 


12.8 


184 


35° 


.338 


-2.94 


364 


176 


70 


.68 


-113 


6.09 


92 


.10 


20 


.69 


-131 






15.5 


192 








458 


212 


80 


.67 


-120 




87 


.09 


16 


70 


-136 


90 




170 


193 


382 


61 


394 


468 


236 


90 


66 


-127 


463 


84 


09 


14 


.72 


-141 


100 




197 


196 


474 


' 


-4 


618 


26-2 


100 


67 


-131 


4.11 


79 


09 


12 


71 


-145 


120 




242 


210 


54 






846 


322 


120 


.68 


-139 


3.33 


75 


08 


9 


.72 


-151 




322 






678 


139 


698 


960 


37.0 


140 


.69 


-146 


2.73 


69 


.09 


5 


.74 


-156 


160 


474 


322 


222 


-77.6 


1.90 


-8.34 


12.3 


42.0 










66 












5.70 


37.4 


228 


-95.8 


2.50 


-9.86 


138 


48.2 


180 


,72 


-154 


1.97 


61 


.08 

.07 


8 


.76 


-162 


200 


9.44 


426 


240 


-117 


2.94 


-10.9 


184 


544 


200 


73 


-158 


1-71 


58 


9 


.78 


-164 




10.2 


484 


252 


-140 


366 


-129 


18.9 


614 


225 


.74 


-161 


153 


54 


.07 


9 


.79 


-166 


250 


126 


54.4 


260 


-169 


472 


-15.5 


20.6 


688 


260 


75 


-164 


1.33 


51 


JOT 


11 


SO 


-168 


275 


161 


608 


260 


-202 


606 


-185 


220 


77.0 


275 


.74 


-167 


1.15 


47 


at 


13 


51 


-170 


300 

325 
350 


21.0 
27.4 
38.4 


672 

72.8 
79.0 


250 
238 
230 


-236 
-256 
-296 


728 
892 

9.96 


-21.6 
-24 4 
-26.0 


238 
24.4 
29.0 


836 
892 

97.0 


300 
325 
350 


77 
78 
.79 


-170 

-171 
-173 


1.02 

.90 
.B1 


44 

42 

40 


JOT 
JO? 
06 


16 
19 

23 


82 

82 

.83 


-171 
-171 
-172 


375 


41 


826 


206 


-304 


12.9 


-30 2 


260 


986 


375 


80 


-174 


.74 


38 


07 


26 


.84 


-172 


400 


482 


838 


188 


-318 


15.4 


-312 


26 8 


102 


400 


.81 


-175 


68 


36 


.07 


31 


:84 


-173 


425 


558 


862 


168 


-324 


170 


-34.2 


298 


103 


42S 


82 


-176 


62 


36 


06 


34 


84 


-173 


450 


612 


87.0 


143 


-334 


184 


-36 


330 


106 


450 


82 


-176 


58 


33 


06 


37 


.85 


-173 


475 


61-4 


670 


127 


-324 


220 


-390 


31.2 


104 


475 


S3 


-177 


55 


33 


.07 


41 


85 


-173 


500 


60.6 


828 


102 


-312 


242 


-418 


322 


105 


500 


82 


-177 


52 


32 


08 


44 


.85 


-174 



Conditions: 12.5 V ® 500 mA 



Condiltons; 12.5 V® 500 mA 



Small Signal 2-Port 
Parameters DV1205W 

2-Port Y-Parameter Matrix in Millimhos 



Polar S-Parameters in 
50.0 Ohm System 



Fr«q 


*11 




*21 




*12 


V22 




Fi*q 




Sll 




S21 




Sl2 




■22 


MHz) 


(Real 




(Real imag] 


(Real 


Imag] 


(Real 


mag) 


(MHl) 


(Mag 


AngO 


(Mag 


AngO 


(Mag 


i AngO 




AngO 


10 


482 


1.49 


197 -5.77 


.01 


-.453 


442 


2.64 


10 


.92 


1 -29 


15 


158 


.03 


71 


.65 


-40 


20 


.126 


34 


192 - 507 


.03 


- 685 


442 


5.12 


20 


.91 


-47 


13.5 


145 


.05 


59 


.67 


-63 


30 


- 263 


4.6 


194 -7.56 


08 


1.15 


3.87 


7.27 


30 


86 


-68 


12.1 


130 


.07 


46 


.72 


-87 


40 


- 739 


6.22 


194 -13 8 


115 


-1.67 


346 


989 


40 


79 


-86 


10.1 




09 


34 


.73 


-107 


50 


- 298 


8.65 


198 -159 


.161 


-2.09 


4.02 


127 


50 


.74 


-99 


8.39 


108 


.09 


27 


.71 


-119 


60 


-.023 


105 


199 -14 


263 


-252 


426 


15.6 


60 


.72 


-108 


7.16 


102 


09 


22 


.73 


-127 


70 


- 005 


127 


202 - 20 


339 


-3 06 


442 


183 


70 


.70 


-117 


6.14 


95 


.09 


17 


.73 


-134 


80 


.090 


141 


204 - 22 


442 


-368 


5.28 


208 


80 


69 


-124 


531 


92 


.10 


15 


.74 


-141 


90 


638 


16.9 


206 -22 


554 


-4.03 


5.91 




90 


.70 


-128 


468 


87 


09 


11 


.74 


-143 


100 


1.35 


19.1 


212 -23 


622 


-448 


6.93 


27.0 


100 


70 


-132 


4.15 


85 


.09 


8.7 


.75 


-147 


120 


202 


227 


214 -30 


.921 


-5.79 


8.01 


31.9 


120 


70 


-140 


3.31 


79 


09 


62 


.76 


-152 


140 


3.24 


267 


216 -37 


1.11 


-675 


9.29 


369 


140 


70 


-144 


278 


75 


09 


4.0 


76 


-155 


160 


386 


30? 


226 -42.6 


1.31 


-802 


11.8 


423 


160 


.72 


-148 


2.36 


72 


08 


2 


.77 


-158 


180 


562 


350 


230 -49 2 


146 


-9 32 


130 


.475 


180 


72 


-152 


2 03 


69 


08 


4 


78 


-160 


200 


531 


376 


226 - 526 


193 




125 


508 


200 


.73 


-154 


1.79 


66 


09 


-.5 


.79 


-162 


225 


635 


41.8 


234 -595 


2.45 


-129 


140 


56.9 


225 


.75 


-157 


1.56 


64 


08 


-1.2 


.80 


-164 


250 


8.34 


486 


255 - 68.9 


254 


-14.6 


166 


66.7 


250 


.76 


-160 


1.36 


61 


08 


-3.9 


.82 


-166 


275 


10.0 


55.7 


262 - 66.8 


298 


-17.1 


164 


73.3 


275 


.77 


-162 


1.19 


57 


07 


-4.6 


.82 


-167 


300 


150 


632 


273 - 98 9 


296 


-18 5 


189 


828 


300 


78 


-164 


1.05 


55 


07 


-5.8 


.83 


-167 


325 


188 


686 


274 -114 


315 


-21.1 


207 


881 


325 


.78 


-166 


.93 


54 


07 


-4.9 


84 


-168 


350 


273 


779 


280 -139 


263 


-225 


235 


96.4 


350 


79 


-168 


64 


52 


06 


-52 


84 


-<69 


375 


322 


837 


284 -143 


365 


-249 


241 


994 


375 


.81 


-169 


.75 


51 


06 


-3.7 


85 


-169 


400 


378 


895 


272 -157 


380 


-26 8 


235 


103 


400 


81 


-170 


69 


49 


.06 


-34 


85 


-169 


425 


500 


104 


309 -198 


453 


-30.6 


27.1 


114 


425 


83 


-172 


4a 


48 


05 


-1.1 


.86 


-170 


450 


529 


109 


320 - 225 


4 91 


-352 


33.7 


120 


450 


84 


-173 


.58 


49 


.05 


18 


86 


-172 


475 


636 


113 


320 -259 


555 


-394 


308 


129 


475 


84 


-175 


.54 


48 


05 


45 


87 


-172 


500 


771 


118 


324 -328 


342 


-422 


48.0 


143 


500 


84 


-176 


.50 


48 


05 


65 


57 


-174 
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Siliconix 



Applications 



DV1205S 400 MHz Oscillator 




T 

J - 40 pF 



V DS - 12.5 V 
l DO -0.5A 



*1 



C3 ^ 
23 »F7~ 



1 1000 10OCK 



6 

♦v G s 



10„F 
50V 



1 



Parts List 

Li , 10 turns #22 AWG on 1/4" diameter, close wound 
L2, 3/4" length of #16 AWG 
C6, 1 5 to 20 pF, ARCO *402 trimmer capacitor 
C7, 0.9 to 7 pF, ARCO #400 trimmer capacitor 
C2, Uniceram 47 pFd capacitor with ribbon leads. 
Lead length =0.25" long and .05" wide. 



Parts List 



Li , 60 nHy 4T #22 AWG close wound 0.125" I.D. 
L2, 54 nHy 3 1/2T #22 AWG close wound 0.125" I.D. 
C1.C2.C3, ARCO #462 5-80 pF 



DV1205S 135-175 MHz Amplifier 




U .UUl Hi-) 



1/4" FLAT LEADi- 



C4 V DS = 12.5 V 

0.1 hF Vqs 1 DQ = 0.5A 
= 5W 



' C 3'HI 1 ? P OUT = 5 

0.500"— 0.001 wF 1 1 _l_ 



I * 



3 TURNS =20 AWG < 100 K " 
ON 1/4" Dl A 
BUS WIRE 

—rrm— 



DV1205 



C5 

0.001 fiF 



L 2 

8 TURNS =20 AWG 
ON 1/4" DIA 

Tt 1000 pF 



pnnn_l 



V DS = 12.5 V 
l DQ = 0.5A 
' POUT^ 175 MHi 
= 5W 

INPUT RT LOSS 
3 rJFJ @ 135 MHl 
• AND 20dB@ 175 MHz 

1 I I I L_ 



Parts List 



156 



FREQUENCY (MHz) 



Ci , C2 ARCO #462, 2 to 80 pF, trimmer capacitors 
Li, 3 turns buss wire #20 AWG on 1/4" diameter 
L2, 8 turns #20 AWG on 1/4" diameter 
Ti , 1 turn of 25 £2 coax on 2 balun cores. 
Stackpole #57-0973 y.o = 35. 



CAUTION: Beryllium Oxide — The top cap of 

this device is alumina which is harmless. However the 
ceramic portion between the leads and the metal flange is 
Beryllium Oxide, the dust of which is toxic. Care must 
therefore be taken during handling and mounting the 
device to prevent any damage to this area. 

Steps must be taken to ensure thatall those who may handle, 
use, or dispose of this device are aware of its nature and of 
these necessary safety precautions. In particular the tran- 
sistor should never be thrown out with general industrial or 
domestic waste. 
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DV1210S ■ DV1210W ■ DV1210Z 

N-Channel Enhancement - 
Mode RF Power FETs 



S 

Siliconix 



April 1982 



175 MHz 
10-20 V 



10W 
10dB 



Other Devices in Series: 

DV1202, DV1205, DV1220, DV1230, DV1240, DV1260 



FEATURES 

■ Infinite VSWR 

■ No Thermal Runaway 

■ Broadband Capability 

■ Class A, B, C, D, E 

■ Low Noise Figure 

■ High Dynamic Range 

■ Simple Bias Circuitry 



Package Type S 



Package Type Z 



Package Type W 






.380 SOE Flange .280 SOE Stud 

See page 5-62 for Package Dimensions 



C-220 



ro 
o 

CO 



1 

ro 

I 



1 

ro 



ABSOLUTE MAXIMUM RATINGS (Tc = 25° C unless otherwise noted) 

Gate-Source Voltage 30V Total Device Dissipation 40W 

Drain-Source Voltage 45V Thermal Resistance, Junction to Case . . . 4.4°C/W 

Drain-Gate Voltage 45V Junction Temperature 200°C 

Drain Current (DC) 2A Storage Temperature -65°Cto150°C 



ELECTRICAL CHARACTERISTICS (T c = 25° C unless otherwise noted) 



Symbol 


Characteristics 


Min 


Typ 


Max 


Unit 


Test Conditions 


BV DSS 


Dram-Source Breakdown Voltage 


45 






V 


V GS = 0V. I D - 5 mA 


'dss 


Drain-Source Leakage Current 






0.5 


mA 


V GS = 0V. V DS = 15V 


IGSS 


Gate-Source Leakage Current 






100 


nA 


V GS -30V,V DS = 0V 


9m 


D.C. Forward Transconductance 


0.2 


0.4 




Mho 


Vqs = 10V, Id ■ 1A. -W GS - 1.0V 


'D(on) 


On-State Drain Current 




3.5 




A 


V DS = 12V, V GS = 10V 


v GS(th) 


Gate Threshold Voltage 


2 




6 


V 


VGS = V DS- 'D ' 100 m A 


Ciss 


Common-Source Input Capacitance 






50 


pF 


V GS = 0V, V DS " 12.5V, f = 1.0 MHz 


'-'OSS 


Common-Source Output Capacitance 






60 


pF 


V GS - 0V, V DS = 1 2.5V, f = 1 .0 MHz 


Crss 


Reverse Transfer Capacitance 






10 


pF 


V GS = 0V, V DS = 12.5V, f = 1.0 MHz 


G PS 


Common-Source Power Gain 


10 






dB 


V DD = 12.5V, Po = 10W, f = 175 MHz, l DQ - 1.0 A 


V 


Drain Efficiency 




65 




% 


V DD ■ 12.5V, Po = 10W, f = 1 75 MHz, l DQ = 1 .OA 


V SWR 


Load Mismatch Tolerance 


30:1 








V DD = 12.5V, Po = 10W, f = 175 MHz, l DQ = 1 .OA 



Note 1: Pulse Test— SO^s to 300us. 1% duty cycle 



Siliconix 
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Siliconix 



TYPICAL PERFORMANCE CURVES-CONTINUED 



DV1210S 
Series Input Impedance vs Frequency 



DV1210S 

Series Output Impedance vs Frequency 



-150 



-50 











































X IN 



o 
I 



-6.0 
-5.0 
-4.0 



I -2.0 



-1.0 















n R OUT 






















































X OUT 































6.0 

5.0 



4.0 X 
O 



30 O 

x 

2.0 « 
1.0 




10 20 30 40 60 80 100 

FREQUENCY (MHz) 



30 40 60 80 100 200 
FREQUENCY (MHz! 



175 MHz TEST FIXTURE 



■ 



■ 



C5 

0.001 nF 




SEMCO 
15 pF 



=13 pF 



C7 
= 18.5 pF 

-Jtf-© RF OUT 



PARTS LIST 

C1, C2. C5. C6. Areo *462. 5 to 80 pF 
LI, 2 1/2" length of SAWG 12, 1/2 turn on 1/3" diameter 
L2, 8 turns #AWG 22 on 1/4" diameter, close wound 
L3, 1 5/8" length of #AWG 12. 1/2 turn on 1/3" 




N 
O 

I 



o 



CO 

o 

I 



APPLICATIONS 




i 



Frequency 135 MHz to 175 MHz 

Power Out 10 W 

Gain 9.6 dB + 0, -0.4 dB 

Input VSWR <1.5:1 

Efficiency >55% 



HH 




PARTS LIST 

CI, Arco #462 trimmer capacitor, 5 to 80 pF 
C7, Arco #463 trimmer capacitor, 9 to 180 pF 
LI, 2 turns, #AWG 22 on 1/4" diameter close wound 
L2, 7 turns, #AWG 22 on 1/4" diameter close wound 
L3, 1/2" #AWG 18 buss, 1/2 turn on 1/4" diameter 



C2, C3, C8, C9. 0.01 uF chip capacitors, 

Johanson P/N 201 L64 N 103 MA 
T1, One turn #22 enamel wire trifilar twisted with 13 crests 

per inch on one Stackpole balun core #57-0973 
T2, One turn 25S2 coax wound on two balun cores placed 

end on end. Stackpole balun cores #57 0973 
(1) — Dot indicates winding starts 



CAUTION: Beryllium Oxide — The top cap of this device is alumina which is harmless. However the ceramic portion 
between the leads and the metal flange is Beryllium Oxide, the dust of which is toxic. Care must therefore be taken 
during handling and mounting the device to prevent any damage to this area. 

Steps must be taken to ensure that all those who may handle, use, or dispose of this device are aware of its nature and of 
these necessary safety precautions. In particular the transistor should never be thrown out with general industrial or 
domestic waste. 
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Siliconix 



DV1220S ■ DV1220W 



2j 

Siliconix 



n-channel enhancement-mode 
RF Power FETs designed for... 

HF/VHF/UHF Amplifiers 

Class A, B, or C 
High Dynamic Range Amp 

Benefits 

No Thermal Runaway 
Withstands Infinite VSWR 
Class A, B, or C Operation 
Low Noise Figure 



20 W Broadband 
12.5V 
10dB Gain 
175MHz 



- 



Absolute Maximum 
Ratings (25°o 

Gate-Source Voltage 30 V 

Drain-Source Voltage 50 V 

Drain-Gate Voltage 50 V 



High Dynamic Range Drain current 4 a 

Simple Bias Circuitry T °@ ^cate ' ssipati ° n 8 ° W 

d\c for .380 SOE 2.2°C/W 

0jc for C-220 1.76°C/W 

Storage Temperature -65°C to 150°C 

Junction Temperature 200°C 

DV1220S DV1220W 



DV XX XXX X 

X Package 
Type 

Power Output 

(Watts) 

Operating Voltage 

Frequency 



See page 5-62 
for Package 
Dimensions 



Electrical Characteristics 




.380 SOE 
(25° C) FLANGE 



C-220 



Symbol 



Characteristic 



Min 



Typ 



Max 



Unit 



Test Conditions 



Poind) 



Power Output 



18 



20 



W 



7<U 



Drain Efficiency 



55 



60 



V DD = 12.5 V, l D Q = 2A 
- P|N = 2 W Max, F = 175 MHz 



9m 



Transconductance 



0.8 



Mho Vds = 12.5 V, Id = 2 A 



Coss Output Capacity 

Crss Reverse Transfer Capacity 

Ciss Input Capacity 



98 
15 
82 



pF V DS = 12.5 



= V 



zs 

ZL 



Source Impedance 
Load Impedance 



1.6 + j6.5 
2+j2 



Vqs = 12.5 V, P|N = 2W 
F = 175MHz, PQUT=20W 



Note: (1) All devices 100% power tested in Siliconix test fixture No. RF12175 [20] 



©1980 Siliconix incorporated 
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DV1240T ■ DV1240U ■ DV4240W 

N -Channel Enhancement - 
Mode RF Power FETs 



B 

Siliconix 

175 MHz 
12.5V 
40W 



Other Devices in Series: 

DV1202, DV1205, DV1210, DV1220, DV1230 



FEATURES 

■ Infinite VSWR 

■ No Thermal Runaway 

■ Broadband Capability 

■ Class A, B, C, D, E 

■ Low Noise Figure 

■ High Dynamic Range 

■ Simple Bias Circuitry 



Package Type T 



.500 JO Flange 



Package Type U 



Package Type W 




.500 SOE Flange C-220 



ee page 5-62 for Package Dimensions 



ABSOLUTE MAXIMUM RATINGS (Tc = 25° C unless otherwise noted) 



Gate-Source Voltage 30V 

Drain-Source Voltage 45V 

Drain-Gate Voltage 45V 

Drain Current (DC) 8A 



Total Device Dissipation 160W 

Thermal Resistance, Junction to Case. . . 1.1°C/W 

Junction Temperature 200°C 

Storage Temperature -65°C to 150°C 



ELECTRICAL CHARACTERISTICS (Tc = 25° C unless otherwise noted) 



Symbol 


Characteristics 


Min 


Typ 


Max 


Unit 


Test Condition 


BV DSS 


Drain-Source Breakdown Voltage 


45 






V 


Vqs " 0V, Id = 20 mA 


!dSS 


Drain-Source Leakage Current 






2.0 


mA 


V GS = 0V, V DS - 15V 


'gss 


Gate-Source Leakage Current 






100 


nA 


V GS ■ 30V, V DS - 0V 


9m 


D.C. Forward Transconductance' 


1.1 


1.6 




Mho 


VDS • 10v . 'D - 4A, AV GS = 1.0V 


















'D(on) 


On-State Drain Current 1 




12 




A 


V DS = 12V, V G S " 10V 


v GS(th) 


Gate Threshold Voltage 




2 




6 


V 


V G s ■ V DS , l D = 400 mA 








Ciss 


Common-Source Input Capacitance 






190 


pF 


V GS ■= 0V, V 0S = 12.5V, f = 1.0 MHz 


Coss 


Common-Source Output Capacitance 






225 


pF 


V G S r 0V, V D S = 12.5V, f = 1 .0 MHz 


Crss 


Reverse Transfer Capacitance 






40 


pF 


VQS = 0V, V D s = 12.5V, f = 1 .0 MHz 






1240T.W 


9.0 






dB 


V DD = 12.5V, Po - 40W, f - 175 MHz, 


G PS 


Common-Source Power Gain 










'DO. = * A 




1240U 


8.6 








n 


Drain Efficiency 






65 




% 


V DD = 12.5, Po = 40W, f = 175 MHz, 
IDQ -4A 


















V SWR 


Load Mismatch Tolerance 




30:1 








V DD = 12.5, Po = 40W, f = 175 MHz, 















Note 1: Pulse Test— 80us to 300ms, 1% duty cycle 



aiuconix 



TYPICAL PERFORMANCE CURVES (25° C unless otherwise noted) 



Typical Transconductance vs Drain Current 



<? 2.0 



< 
Q 



O 

g 



I 

£ 
(3 



0.5 



























































v DS = 12V 

80 [is PULSE TEST 

DUTY CYCLE LESS THAN 5% 

1 1 1 1 



4 6 8 10 12 
Iq - DRAIN CURRENT (AMPS) 



14 



< 
D 



Output Characteristics 




4 6 8 10 15 20 
DRAIN TO SOURCE (VOLTS) 



Typical Transfer Characteristics 




:v DS = 12.5V : 

) ta PULSE TEST 
" DUTY CYCLE LESS THAN 5% ' 



2 4 6 8 10 12 

V QS - GATE-TO-SOURCE VOLTAGE (VOLTS) 



MTTF vs Temperature 




100 150 
JUNCTION TEMPERATURE (°C) 



200 




Silicon! x 



TYPICAL PERFORMANCE CURVES - CONTINUED 



3 



DV1240W 
Series Output 
Impedance vs Frequency 

































)UT 














*o 


UT 









10 20 30 40 60 80 100 150 200 

FREQUENCY (MHz) 



DV1240W 
Series Input 
Impedance vs Frequency 



-50 
—40 
-30 
-20 
-10 

































R IN 
















































'in 



10 20 30 40 60 80 100 150 200 

FREQUENCY (MHz) 



175 MHz TEST FIXTURE 



v G s 




v D s 
Q 



C 5 I 



C 1 -V- 

J-°2 ~j- C 3 



ri 



6 J- c 7 



X 

F 01 



RF OUT 



NOTES: 

C,, C g , ARCO #462 TRIMMER CAPACITORS, 5-80pF. 
C 2 . C 7 , ARCO #422 TRIMMER CAPACITORS, 4-40pF. 
C 3 , SEMCO 50pF, POWER CAPACITOR. 
C 6 , SEMCO 30pF, POWER CAPACITOR. 



C„, C 5 , .001uF FEED-THRU CAPACITORS. 
L v L 3 , 1" LENGTH OF #12 AWG COPPER WIRE. 
L 2 . 8-TURNS OF #20 AWG ENAMELED WIRE ON 1/4" DIAMETER, 
CLOSE WOUND. 



50 

_ 40 



DV1240T 
Typical Output Power vs 
Input Power 



o 



I I 

'DQ = 4.0A 
FREQ = 175 MHz 










'<:*> 
V D D 


M C 
■ 12.5V 























































2 3 4 5 

POWER IN (WATTS) 
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Siliconix 



TYPICAL AMPLIFIER LINE-UP 












175 MHz CLASS-AB, 150W 




'do " 4A 


■ 


12.SV P.A. LINE-UP 




























i — < 


l 


'dq = 4A ' 






1 


DQ ■ 0-2A l DQ - 2A 












0.2W 


2W 20W 










150W 










\>- 








DV1202 DV1220 










150 WATT P.A. 












28.75 dB GAIN 












ALL STAGES ARE CLASS AB 




















4 X DV1240 






























































CAUTION: Beryllium Oxide - 


The top cap of this device is alumina which is harmle 


ss. 


However, the ceramic portion 


between the leads and the metal flange is Beryllium Oxide, the dust of which is toxic. Care must therefore be taken 


during handling and mounting the device to prevent any damage to this are 


a. 






Steps must be taken to ensure that all those who may handle, use 


or 


dispc 


se of this device are aware of its nature and of 


these necessary safety precautions. In particular the transistor should never be thrown out with general industrial or 


domestic waste. 





























. ii nangemem-moae 



175 MHz 
12.5 V 
60 W 



Other Devices in Series: 

DV1202, DV1205, DV1210, DV1220, DV1230, DV1240 



FEATURES 

■ Infinite VSWR 

■ No Thermal Runaway 

■ Broadband Capability 

■ Class A, B, C, D, E 

■ Low Noise Figure 

■ High Dynamic Range 

■ Simple Bias Circuitry 




.500 JO Flange 
See page 5-62 for Package Dimensions 



ABSOLUTE MAXIMUM RATINGS (Tc = 25° C unless otherwise noted) 

Gate-Source Voltage 30V Total Device Dissipation 240W 

Drain-Source Voltage 45V Thermal Resistance, Junction to Case 0.73°C/W 

Drain-Gate Voltage 45V Junction Temperature 200°C 

Drain Current (DC) 12A Storage Temperature -65°C to 150°C 



ELECTRICAL CHARACTERISTICS (Tc = 25° C unless otherwise noted) 



Symbol 


Characteristics 


Min 


Typ 


Max 


Unit 


Test Condition 


BV DSS 


Drain-Source Breakdown Voltage 


45 






V 


Vqs " 0V, l D = 30 mA 


'DSS 


Drain-Source Leakage Current 






3.0 


mA 


V GS - 0V, V DS ■ 15V 


IGSS 


Gate-Source Leakage Current 






100 


nA 


V GS = 30V, V DS = 0V 


9m 


D.C. Forward Transconductance 1 


1.S 


2.4 




Mho 


VDS " 10V, l D = 6A, AV G S " 1-OV 


'Dion) 


On-State Drain Current 1 




20 




A 


V DS . 12V, V G S = 10V 


v GS(th) 


Gate Threshold Voltage 






6 V V G S • V DS . Id " 600 mA 


Ciss 


Common-Source Input Capacitance 






285 


pF 


Vqs - 0V, Vqs = 12.5V, f - 1.0 MHz 


Coss 


Common-Source Output Capacitance 






340 


pF 


V GS - 0V, V DS - 12.5V, f = 1.0 MHz 


Crss 


Reverse Transfer Capacitance 







60 


pF 




V GS ■ 0V, Vqs ■ 12.5V, f = 1.0 MHz 


G ps 


Common-Source Power Gain 


8.0 






dB 


V DD f 12.5V, Po a 60W, f = 175 MHz, 
IDQ * 6A 


1 


Drain Efficiency 




60 




% 


V DD = 12.5, Po = 60W, f = 175 MHz, 
IDQ ' 6A 


V SWR 


Load Mismatch Tolerance 


30:1 








V DD - 12.5, Po = 60W, f - 175 MHz, 
I DO. = 6A 



Note 1: Pulse Test — 80pis to 300ns, 1% duty cycle 



5-20 Siliconix 



TYPICAL PERFORMANCE CURVES (Tc = 25° C unless otherwise noted) 



Transconductance vs Drain Current 



V DS = 12V 

80mSEC duty test 

DUTY CYCLE LESS THAN 5% " 



2 4 6 8 10 12 14 16 18 20 
l D - DRAIN CURRENT (AMPS) 



Transfer Characteristics 



1.0 - 



z 
< 

D 0.1 

I 

a 

0.01 



































v D s 

80 v 


= 12.5N, 
SEC PU 
Y CYCL 


_SE TEi 
E LESS 


!T 

THAN 


5% = 








DUT 



6 8 





10 



12 



V fi c - GATE-TO-SOURCE VOLTAGE IVOLTSI 



Output Characteristics 





'v Gsr 11V 




80/jSEC PULSf 


.TEST 
LESS" 








iov 


DUTY CYCLE 

TUAM C«I 










STEP VOLTAGE =1V 








9V" 
















8V 
















7V 

































































4 8 12 16 20 24 28 
DRAIN-TO-SOURCE VOLTAGE (VOLTSI 

MTTF vs Chip Temperature 




50 



75 100 125 150 175 200 
CHIP TEMPERATURE (°C) 



DC Safe Operating Region 



10 10 2 
DRAIN TO SOURCE VOLTAGE (VOLTS) 



1 
ro 
o 
o 



Siliconix 



o 

cb 

CM 

■ 

CO 

o 

^- 
00 
Oi 

g 



DV2810S ■ DV2810W 

i 

n-channel enhancement-mode 
RF Power FETs designed for... 

HF/VHF/UHF Amplifiers Class A, B, or C 
High Dynamic Range Amp 

Benefits 

Infinite VSWR 
No Thermal Runaway 
Broadband Capability 
Class A, B, or C Operation 
Low Noise Figure 
High Dynamic Range 
Simple Bias Circuitry 
S-Parameter Design 
Other devices in series: 

DV2805, DV2820, DV2840, DV2880, DV28120 

DV XX XXX X 

"[.Package 
Type 

Power Output 

Operating Voltage 

Frequency 



Siliconix 

175MHz 
20-35V 
10W 
10dB 



Absolute Maximum 
Ratings (250C) 

Gate-Source Voltage 40 V 

Drain-Source Voltage 80 V 

Drain-Gate Voltage 80 V 

Drain Current (DC) 1 A 

Total Device Dissipation 20 W 

@ 25° Case 

0jc 8.8°C/W 

Storage Temperature -65°Cto150°C 

Junction Temperature 200°C 



Package 
Types 



Package 
TypeW 





Electrical Characteristics 



.380 SOE 
FLANGE 

See page 5-62 for Package Dimensions 

(25°C) 



C-220 





Symbol 


Characteristic 


Min 


Typ 


Max 


Unit 


Test Conditions 


POUTd) 


Power Output 


10 






w 


V D S=28V, l D Q = 0.05A 


vtf) 


Drain Efficiency 




60 




% 


- P|N = 1 W, f= 175 MHz 


9m 


Transconductance 




130 




mmho 


VDS = 28V, Id = 0.25 A 


Coss 
Crss 
Ciss 


Output Capacity 
Reverse Transfer Capacity 
Input Capacity 




21 
3 

22 




PF 


Vds=28V,V GS =0V 


NF<2> 


Small Signal Noise Figure 




6.8 




dB 


f= 175 MHz. Vqs=28V 
l D =0.05A 


Notes: (1) All devices 100% power tested in Siliconix test fixture No. RF28175 [10] 
(2) Noise figure measured with 10 watt power matched source and load 



5-28 



TYPICAL 



iL AMPLIFIER LINE-UP 

175 MHz 
12.5V 



CLASS - AB, 100W 
P. A. LINE UP 



'DQ* 



l D Q = 2A 
2W "\. 20W 



DV1202 DV1220 



l nn = 6A 



100 WATT P.A. 
27.0 dB GAIN 

ALL STAGES ARE CLASS AB 



2 x DV1260 



100W 



- 



CAUTION: Beryllium Oxide — The top cap of this device is alumina which is harmless. However, the ceramic portion 
between the leads and the metal flange is Beryllium Oxide, the dust of which is toxic. Care must therefore be taken 
during handling and mounting the device to prevent any damage to this area. 

Steps must be taken to ensure that all those who may handle, use, or dispose of this device are aware of its nature and of 
these necessary safety precautions. In particular the transistor should never be thrown out with general industrial or 
domestic waste. 



DV2805S ■ DV2805W 



n-channel enhancement-mode 
RF Power FETs designed for... 

HF/VHF/UHF Amplifiers Class A, B, or C 
High Dynamic Range Amp 

Benefits 

Infinite VSWR 
No Thermal Runaway 
Broadband Capability 
Class A, B, or C Operation 
Low Noise Figure 
High Dynamic Range 
Simple Bias Circuitry 
S-Parameter Design 
Other devices in series: 

DV2810, DV2820, DV2840, DV2880, DV28120 



175MHz 
20-35V 
5W 
10dB 



Absolute Maximum 

Ratings (25°C) 

Gate-Source Voltage 40 V 

Drain-Source Voltage 80 V 

Drain-Gate Voltage 80 V 

Drain Current (DC) 0.5 A 

Total Device Dissipation 10 W 

@ 25° Case 

6\c 17.6°C/W 

Storage Temperature -65°Cto150°C 

Junction Temperature 200°C 

Package Package 
Type S Type W 



DV 



XX XXX X 

T. 



LPackage 
Type 

Power Output 

Operating Voltage 




- Frequency 



.380 SOE 
FLANGE 




C-220 



See page 5-62 for Package Dimensions 

Electrical Characteristics (25°C) 



Symbol 


Characteristic Min 


TVP 


Max 


Unit 


Test Conditions 


POUTd) 


Power Output 5 






w 


V DS =28V, l DQ =0.025A 


vW 


Drain Efficiency 


60 




% 


- P|N = 0.5W,f=175MHz 


9m 


Transconductance 


65 




mmho 


Vds=0.28V, Id=0.125A 


C ss 
Crss 
Ciss 


Output Capacity 
Reverse Transfer Capacity 
Input Capacity 


11 
1.5 
12 




PF 


Vds=28V,V G S=0V 


NF<2) 


Small Signal Noise Figure 


6.8 




dB 


f =175 MHz, V D S = 28V 
ID = 0.025 A 


Note* [\) k\\ devices 100% power tested in Siiiconix tesl tixtute No. RF28V75 15\ 
I V^i M^^e^eQ^eciNNWVv^^po^ moAcV\ed source and \ood 







Siliconix 



Typical Performance Curves wo 



Transconductance vs 
Drain Current 



Drain Current vs 
Gate-to-Source Voltage 



Output Characteristics vs 
Drain-to-Source Voltage 



































































v c 
* 


S = 28V 

= 1 KMi 








DUTY CYCt 


E 100% 











































































































































































/ 


















V 























: i 


1 J 

= 1 V" 










STEP VOLTAG 


— 






1 1 

DUTY 


— 1 — 1 — 1 

CYCLE < 100 


% 




















































- 

V 


as 3 


6.1 \ 


f 


























f 





























































1.7 0.14 0.21 0.28 
DRAIN CURRENT IAMPS) 



DC and Inductive Safe 
Operating Region 
Tc=25°C 



GATE TO-SOURCE VOLTAGE (VOLTS) 

MTTF vs Chip 
Temperature 



ID 20 30 40 50 

DRAIN-TO-SOURCE VOLTAGE fVOLTSl 



Power Dissipation vs 
Case Temperature 



PULSED MEASUREMENTS 
ARE 1% DUTY CYCLE 

I ' I I l I I N 




10 100 



DRAIN TO SOURCE VOLTAGE (VOLTS) 

Test Fixture 

DV2805 175 MHz 




TEMPERATURE I'C) 




■URE.-C, 



O 



V DS . 28 V 
l DQ -0.025A 



SEMCO 
lOOOpF 
300 WV 



o 



S100KS2 - 



C 2 

SEMCO 
15 pF 
300 WV 



1 ft ~ 



~[**500pF 
«2 — 300 WV 
300 P. 



Parts List 

C3, 80 to 5 pF ARCO *462 trimmer capacitors 

C(,, 30 to 2.7 pF ARCO *461 trimmer capacitors 

L|, 1 turn of *18 AWG on 1/4" diameter 

L2, 2 turns of *18 AWGon 1/4" diameter 

C1 , 1 80 to 9 pF ARCO *463 trimmer capacitor 



00 
o 



1 

00 
o 



All DV2805S are tested in this test fixture. 
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vi ii 1 1 -jyoi^i 1 1 





Y 11 




Y 21 




Y 12 




Y 22 




F»eq 




•11 


Sj1 






S12 




S22 


(MHl) 


[Real 


Imag] 


(Real 


Imog) 


(Real 


mag) 


(Real 


mag] 


(MHl) 


(Mag 




IMagn 


Angl) 


(Mag 




IMog 






095 






164 
















627 
















1*23 


65C 


149 


01S 




449 


ne 










170 


02 


85 


96 










700 


438 




338 


162 


150 












03 


80 


97 


15 




129 


279 


655 


362 


037 


431 


146 


262 


40 


10 


24 


632 


158 


04 


76 


97 


23 


50 


062 


365 


660 


397 


064 


555 


261 


336 


50 


98 


30 


614 


152 


05 


72 


96 


29 


60 


167 

.16 


427 


680 


590 


087 


705 


298 


397 


60 


95 


37 


612 


146 


06 


68 


94 


35 






494 


670 


"90S 


111 


865 


204 


447 




94 






139 


08 


64 


92 


40 


80 




590 


690 


956 




985 


294 


530 


BO 










08 


60 


90 


46 






675 


725 




189 


113 


530 


605 












09 


57 


87 


52 


100 


795 


770 


73 5 


134 




128 


540 


690 


100 


85 


62 


547 


123 


10 




86 


58 


120 


1 19 


945 


775 


157 


332 


162 


920 


835 


120 


81 




508 


114 




<7 




69 


140 




112 


800 


205 


446 


198 


113 


985 


140 




85 


466 


105 




42 


76 


79 




215 


133 


855 


247 


575 


251 


135 


113 


160 


72 


97 




9B 


12 


37 


•z 




180 


290 


14 9 


880 


315 


710 


301 


118 


128 


180 


68 


106 


392 


90 


.13 


33 


69 


97 




3 35 




695 


353 


910 


351 


133 


14 3 




67 


114 




85 






68 


104 


225 




186 


960 


440 


125 


427 


107 


161 


225 


66 


123 




_ 


14 


28 


66 


114 




60 


230 


112 


630 


142 


540 


364 


200 


250 


59 


142 


322 


66 


14 




70 


122 




700 


6.6 




7 5 








23 3 


275 




149 




42 


14 


20 


64 


133 




103 
























58 




20 


63 


139 




16.6 








158 


~9 50 






325 


57 


165 




54 


12 


20 


42 


142 




















350 




172 


196 


50 


12 


21 


61 


145 






37 3 


935 


~160 




129 


390 




375 


58 


176 


179 


47 


13 


23 


62 


147 


400 


32 


384 


810 


-170 


138 


-14.3 


-309 


428 


400 


59 


-179 


166 


46 


13 


26 


61 


-149 


425 


413 


335 


497 


-183 


067 


-154 


-1.99 


479 


425 


59 


175 


155 


43 


13 


a - 


61 


-149 


450 


430 


319 


330 


-179 


122 


-160 


161 


491 


450 


58 


174 


143 


42 


.13 


32 


60 


-151 


475 


455 


299 


192 


-182 


- 297 


-17 J 


335 


53.5 


475 


58 


172 


135 


41 


13 


34 


61 


-154 


500 


461 


26 2 


520 


-172 


218 


-169 


6.10 


520 


500 


58 


172 


128 


39 


13 


38 


.61 


-153 



Conditions 28 V : 125 mA 



Conditions: 28 V ;,, 125 mA 



Small Signal 2-Port 
Parameters DV2805W 

2-Port Y-Parameter Matrix in Millimhos 



Polar S-Parameters in 
50.0 Ohm System 



Freq 


Y 11 




Y 21 




Y12 




V22 




freq 


S11 


S21 






S12 


S22 




(MHl) 


(Real 


magj 


(Real 


Imag) 


(Real 


Imag) 


(Real 


mag) 


(MHz) 


(Magn 


Angl) 


(Magn 


Angl) 


IMogn 


Angl) 


[Magn 


Anglj 


10 


.281 


543 


65.1 


-291 





- 105 


.599 


,712 


10 


.97 


-5 


633 


173 


.01 


86 


.94 


-6 


20 


.154 


781 


628 


-3 75 





- 208 


.576 


924 


20 


98 


-8 


6.03 


170 


.02 


85 


94 


-9 


30 


081 


1.32 


636 


-368 





- 306 


334 


148 


30 


100 


-13 


6.24 


166 


03 


82 


.97 


-14 


40 


-178 


2.04 


646 


-482 


.02 


-.410 


141 


230 


40 


1.00 


-19 


6.31 


160 


04 


77 


97 


-20 


50 


- 151 


278 


650 


-481 


034 


-.521 


072 


294 


50 


.99 


-25 


6 24 


155 


OS 


73 


97 


-26 


60 


- 191 


352 


654 


-6.58 


047 


- 637 


021 


350 


60 


98 


-31 


6.17 


149 


06 


69 


96 


-31 


70 


-139 


435 


63.7 


-11.1 


070 


- 774 


082 


4.32 


70 


95 


-37 


582 


140 


07 


66 


.93 


-37 


B0 


137 


503 


652 


-7 48 


105 


- 928 


368 


499 


80 


.93 


-43 


562 


139 


08 


63 


.91 


-43 


90 


319 


576 


659 


-70 


152 


-109 


.440 


573 


90 


.91 


-49 


543 


135 


09 


59 


90 


-49 


I0O 


514 


668 


669 


-662 


167 


-114 


514 


668 


100 


89 


-54 


535 


131 


09 


55 


89 


-54 


120 


946 


815 


69.2 


-7.52 


369 


-1.41 


996 


8.35 


120 


.85 


-64 


484 


123 


10 


50 


.85 


-65 


140 


1.11 


970 


693 


-9.74 


332 


-1.71 


1.11 


970 


140 


.82 


-73 


4.42 


115 


.11 


44 


82 


-73 


160 


1.46 


10.9 


70 8 


-9 70 


.414 


-2.09 


1.55 


113 


160 


79 


-81 


*SH 


110 


.12 


39 


.79 


-82 


180 


1.53 


12.5 


71.4 


-10.5 


589 


-2 43 


1.44 


123 


180 


79 


-89 


%*» 


104 


13 


36 


.79 


-88 


200 


2.09 


13.9 


729 


-11.7 


624 


-273 


1.97 


13.7 


200 


76 


-95 


3.43 


100 


13 


32 


76 


-94 


225 


2 82 


15.9 


760 


-12.6 


751 


-3.11 


332 ■ 


155 


225 


74 


-103 


3.13 


95 


13 


28 


75 


-101 


250 


350 


17.5 


784 


-144 


984 


-379 


234 


17.0 ' 


250 


72 


-111 


2.85 


90 


14 


25 


75 


-m 


275 


389 


200 


816 


-17.1 


'11 


-440 


341 


195 


275 


.71 1 


-118 


2.57 


84 


14 


20 


74 


-115 


300 


553 


227 


848 


-20.6 


113 


-476 


296 


217 


300 


69 


-124 


332 


SO 


13 


17 


73 




325 


666 


24.7 


B68 


-23 6 


134 


-546 


368 


237 


325 


68 


-129 


209 


77 


13 


15 


72 


-124 


350 


8 24 


275 


895 


-263 


1.39 


-6.19 


3.63 


252 


350 


68 


-135 


1.91 


74 


13 


13 


72 


-127 


375 


104 


305 


924 


-30 4 


149 


-654 


456 


276 


375 


.68 


-139 


1.74 


71 


.12 


12 


.72 


-130 


400 


11.6 


326 


926 


-34.1 


162 


-713 


4.61 


291 


400 


.68 


-142 


162 


68 


.12 


11 


72 


-132 


425 


136 


34.9 


904 


-37.B 


1.7 


-7,76 


5.13 


29.9 


425 


68 


-145 


148 


66 


.12 




71 


-133 


450 


161 


37.0 


92,0 


-412 


1.66 


-7.86 


656 


318 


450 


68 


-147 


1.38 


65 






.71 


-135 


475 


178 


387 


902 


-443 


176 


-8 38 


678 


32.9 


475 


68 


-149 


1.29 


63 


.11 




71 


-136 


500 


21.0 


40.8 


91.6 


-486 


165 


-8 48 


846 


350 


500 


68 


-151 


1.20 


62 


.10 


11 


71 
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Conditions 28 V 125 mA 
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Siliconix 



Applications 

DV2806 10 MHz Crystal Oscillator 



+28 V 



r -Lo.l^Fd 
£Li T" IQpF 180pF 



j CRYSTAL | 



Parts List 

Lt - 18 turns *22 enameled wire on micrometals 
T-50-6 torroid core. =1.0;iH. 



HZ rr 



CENTER FREQ 10 MHi 
RESOLUTION BW 10 Hz 
V8W 10 Hi 
SWP 20 sec 
SPAN 1 KHz 
POWER OUT 5 
EFFICIENCY 6 



.MI 



DV2805 Video CRT Driver 



O.ljiFd ,1 1 I 

© — Hhr 1 ^™ 1 

^ |" T 1 J_8pF10:1 
i T SCOPE PF 

>5011 I I 

1 r oK l i 




GENERATOR (Z o = 60i2i 
HAS 3 nsec RISE AND 
FALL TIME 
OSCILLOSCOPE 2.6 

I I 

5 10 15 20 25 




CAUTION: Beryllium Oxide — The top cap of 

this device is alumina which is harmless. However the 
ceramic portion between the leads and the metal flange is 
Beryllium Oxide, the dust of which is toxic. Care must 
therefore be taken during handling and mounting the 
device to prevent any damage to this area. 

Steps must be taken to ensure thatall those who may handle, 
use, or dispose of this device are aware of its nature and of 
these necessary safety precautions. In particular the tran- 
sistor should never be thrown out with general industrial or 
domestic waste. 
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Siliconix 



I 

5 

CM 



CO 

o 
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CN 



DV2810S ■ DV2810W 



n-channel enhancement-mode 
RF Power FETs designed for... 

HF/VHF/UHF Amplifiers Class A, B, or C 
High Dynamic Range Amp 

Benefits 

Infinite VSWR 
No Thermal Runaway 
Broadband Capability 
Class A, B, or C Operation 
Low Noise Figure 
High Dynamic Range 
Simple Bias Circuitry 
S-Parameter Design 
Other devices in series: 

DV2805, DV2820, DV2840, DV2880, DV28120 



B 

Siliconix 

175 MHz 
20-35V 
10W 
10dB 



Absolute Maximum 
Ratings (25°a 

Gate-Source Voltage 40 V 

Drain-Source Voltage 80 V 

Drain-Gate Voltage 80 V 

Drain Current (DC) 1 A 

Total Device Dissipation 20 W 

@ 25° Case 

0jc 8.8°C/W 

Storage Temperature -65°Cto150°C 

Junction Temperature 200°C 



Package 
Types 



Package 
TypeW 



DV XX XXX X 

T_Package 
Type 



-Power Output 
-Operating Voltage 
- Frequency 





.380 SOE 
FLANGE 

. . . , _ , . ... See page 5-62 for Package Dimensions 

Electrical Characteristics (25°o 



C-220 



Symbol 



Characteristic 



Min 



Typ 



Max 



Unit 



Test Conditions 



POUTd) 



Power Output 



10 



W 



7)(D 



Drain Efficiency 



60 



V DS =28V, l DQ = 0.05A 
P, N = 1 W, ( = 175 MHz 



9m 



Transconductance 



130 



mmho Vds = 28V, Id = 25A 



Coss Output Capacity 

C rS s Reverse Transfer Capacity 

Cjss Input Capacity 



21 
3 

22 



pF V D S = 28 V, V G S=0V 



NF (2) 



Small Signal Noise Figure 



6.8 



dB ( = 175 MHz, Vds = 28V 
l D =0.05 A 



(1) All devices 100% power tested in Siliconix test fixture No. RF28175 [10] 

(2) Noise figure measured with 10 watt power matched source and load 
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Typical Performance Curves (25°C) 



Transconductance vs 
Drain Current 



































































v 


>S = 28V 
- 1 KHz 
JTYXYC 








'c 

D 


LE 100% 



0.15 0JJO 0.46 

DRAIN CURRENT (AMPS) 



0.60 0.75 



Drain Current vs Output Characteristics vs 
Gate-to-Source Voltage Drain-to-Source Voltage 



2 4 6 8 10 

GATE-TO-SOURCE VOLTAGE (VOLTS) 











rm 


IMA 

E = 


L EF 


F EC 


rs 




f 


■ 


TEP VOLT AG 
1 1 


V 












DUTY CYCLE < 100% 
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DRAIN TO SOURCE VOLTAGE (VOLTS) 



DC and Inductive Safe 
Operating Region 
Tc=25°C 



PULSED MEASUREMENTS 
ARE 1% DUTY CYCLE 



DRAIN-TO-SOURCE VOLTAGE (VOLTS) 

Test Fixture 



MTTF vs Chip 
Temperature 




Power Dissipation vs 
Case Temperature 








P TEMPERATURE CC) CASE TEMPERATURE CO 



DV2810 175 MHz 




Parts List 

Of , C2, C3, C4, 5 to 80 pF, ARCO # 462 trimmer capacitors 
Li , 4 turns *18 AWG on 1/8" diameter, close wound 
L2, 4 turns # 16 AWG on 1/8" diameter, close wound 
L3, 10 turns *20 AWG on 1/4" diameter, close wound 



All DV2810S are tested In this test fixture. 
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Conditions 28 V @ 250 mA Conditions: 28 V @ 250 mA 



Small Signal 2-Port 
Parameters DV2810W 

2-Port Y-Parameter Matrix in Millimhos 



Polar S-Parameters in 
50.0 Ohm System 
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Applications 



DV2810 28 V Wideband 

"OS 



»GS 
O 



Gain vs Frequency 
(Nominal POUT=9.5) 



©- 



; 10 TURNS *20 AWG 



rmn_ 



D 



BALUN CORE 



<43fi 0.01 ^Fr= l DQ = 0.5A 

K NOMINAL P 

I _J_ _|_ * 4.5 W PEP 

Parts List 

Ti , 2 turns 50 n coax on 3-balun cores stackpole 57-0973, no =35 

DV2810 70 V CRT Driver 
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FREQUENCY (MHz) 



tON and tOFF 
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<iooKn 



+70 V 
"1 ? 0.01 *iF 



GENERATOR 
IMPEDANCE (cy- 
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VDS-70V 

GENERATOR IMPEDANCE 
50 n V [N » 10 V 
t,i„-10n..t f>ll -5ra 
(TUT PERFORMANCE DATA 
LIMITED BY TEST 
EQUIPMENT AVAILABLE} 




5 ns/DIV 



CAUTION: Beryllium Oxide — The top cap of 

this device is alumina which is harmless. However the 
ceramic portion between the leads and the metal flange is 
Beryllium Oxide, the dust of which is toxic. Care must 
therefore be taken during handling and mounting the 
device to prevent any damage to this area. 

Steps must be taken to ensure that al I those who may handle, 
use, or dispose of this device are aware of its nature and of 
these necessary safety precautions. In particular the tran- 
sistor should never be thrown out with general industrial or 
domestic waste. 
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DV2820S ■ DV2820W ■ DV2820Z 



N-Channel Enhancement - 
Mode RF Power FETs 



Other Devices in Series: 

DV2805, DV2810, DV2840, DV2880, DV28120 



FEATURES 

■ Infinite VSWR 

■ No Thermal Runaway 

■ Broadband Capability 

■ Class A, B, C, D, E 

■ Low Noise Figure 

■ High Dynamic Range 

■ Simple Bias Circuitry 

■ S-Parametei 



Package Type S 



Package Type Z 



B 

Silic onix 

175 MHz 
20-35V 
20 W 
10dB 

Package Type W 






.380 SOE Flange .280 SOE Stud 

See page 5-62 for Package Dimensions 
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ABSOLUTE MAXIMUM RATINGS (T c = 25° C unless otherwise noted) 

Gate-Source Voltage 40V Total Device Dissipation 40W 

Drain-Source Voltage 80V Thermal Resistance, Junction to Case . . 4.4° C/W 

Drain-Gate Voltage 80V Junction Temperature 200°C 

Drain Current (DC) 2A Storage Temperature — 65°C to 150°C 

ELECTRICAL CHARACTERISTICS (T c = 25° C unless otherwise noted) 
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V GS = 0V, l D = 5 mA 
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Drain-Source Leakage Current 
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mA 


V GS = 0V, V DS - 30V 
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Gate-Source Leakage Current 
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nA 


V GS = 40V, V DS = 0V 
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D.C. Forward Transconductance 1 
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0.3 
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V D S " ID * 1A - ^ V GS ■ 1-0V 
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On-State Drain Current 1 
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A 


V DS - 30V, V GS - 10V 


VGSIthl 


Gate Threshold Voltage 
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V 


VGS = V DS , l D - 100 mA 
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Common-Source Input Capacitance 
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PF 


V GS = 0V. V DS = 30V, f = 1.0 MHz 
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Common-Source Output Capacitance 
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V G S = 0V, V DS - 30V, f = 1.0 MHz 
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Reverse Transfer Capacitance 
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pF 


V GS = 0V, V DS = 30V, f - 1.0 MHz 
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Common-Source Power Gain 


10 






cffl 


V DD = 28V, Po - 20W, f = 175,MHz, 
IDQ = 0.1A 


11 


Drain Efficiency 




65 




% 


V DD = 28V, Po = 20W, f - 175 MHz, 
IDQ = 0.1A 


V SWR 


Load Mismatch Tolerance 


30:1 








V DD = 28v . Po * 20W, f = 175 MHz, 
l DQ = 0.1A 


N.F. 


Noise Figure 




5.6 




dB 


V D s = 28V, l D - 0.1A, f = 175 MHz 


Note 1: Pulse Test-80us to 300ns, 1% duty cycle 
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TYPICAL PERFORMANCE CURVES (25° C unless otherwise noted) 




Output Characteristics 
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Region T C =25°C 
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50.0 OHM SYSTEM 



50.0 OHM SYSTEM 
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12.30 


110 


.07 


27 


.72 


-95 


50 


.76 


-120 


10.00 


99 


.07 


19 


.65 


-114 


50 


.79 


-115 
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.75 


-154 


225 


.80 


-175 


1.78 


45 


.05 


17 


.78 


-168 


225 


.81 


-167 
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Conditions: 28V @ 450 mA 



Conditions: 28V @ 450 mA 



Series Equivalent Input Impedance Series Equivalent Output Impedance 

vs Frequency vs Frequency 
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TEST FIXTURE 
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Parts List 

C-i, C3, 5-80 pFd 
C2, C4, 3-30 pFd 

Li, L3, 2 turns #20 enamel wire, close wound on 1/4" dia. 
L2, 7 turns #20 enamel wire, close wound on 1/4" dia. 



All DV2820S are tested in this test fixture. 



Typical Output Power vs Input Power 
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APPLICATIONS 



28V WIDEBAND AMPLIFIER 







T 2 




0.150" 
* 




f 

0.530" 






1 






0.300" 




— 0.500"- 



0.001 

x — 



v G s 

O V DS = 28 V 

l DQ = 1.25 A 



VDS 
O 



0.001 

j: — 



BALUN CORE 




■ FERROXCUBE 
! VK200/09/3B 



DV2820 T 2 



4S2 x 51 n 
CARBON COMP 

RESISTORS 
(12.5 n TOTAL) 



rrrnZl 



0.01 (iF 



0.001 ii F 



111 



Parts List 

Ti , 20 turns 30 SI, #30 bifilar on micrometals T-50-6 Toroid 
T2, 1 turn of 2-50 CL coax cables in parallel through 2 balun 
cores stackpole #57-9130 juo = 125 



Gain vs Frequency 
(Nominal P OUT =19.4 W) 



































































































































































V DS = 28 V 
l D Q " 1-25 A 
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51.5 

9.7 MHz/DIV - FREQUENCY (MHz) 
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Input Return Loss vs Frequency 



































































































































































V DS = 28 V 
















-| 0Q = 1.25 A 
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Intermodulation Distortion vs Frequency 
(Nominal Power Output 12 W PEP) 



VnS = 28 V 
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100 



9.7 MHz/DIV - FREQUENCY (MHz) 



TONE SPACING - 30 KHz 



5-36 



amconix 



DV2840S ■ DV2840T ■ DV2840W 

N-Channel Enhancement - 
Mode RF Power FETs 



Other Devices in Series: 

DV2805, DV2810, DV2820, DV2880, DV28120 



s 

Siliconix 

175 MHz 
20-35 V 
40 W 
10 dB 



FEATURES 

■ Infinite VSWR 

■ No Thermal Runaway 

■ Broadband Capability 

■ Class A, B, C, D, E 

■ Low Noise Figure 

■ High Dynamic Range 

■ Simple Bias Circuitry 

■ S-Parameter Design 



Package Type T 



Package Type S 



Package Type W 





.500 SOE Flange .380 SOE Flange 

See page 5-62 for Package Dimensions 
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ABSOLUTE MAXIMUM RATINGS (T c = 25° C unless otherwise noted) 

Gate-Source Voltage 40V Total Device Dissipation 80 W 

Drain-Source Voltage 80V Thermal Resistance, Junction to Case . . 2.2°C/W 

Drain-Gate Voltage 80V Junction Temperature 200°C 

Drain Current (DC) 4 A Storage Temperature -65°C to 150°C 



ELECTRICAL CHARACTERISTICS (T c = 25° C unless otherwise noted) 



Symbol 


Characteristics 


Mfn 


Typ 


Max 


Unit 


Test Conditions 


BV D ss 


Drain-Source Breakdown Voltage 


80 






V 


V G S = 0V, l D = 10 mA 


'dss 


Drain-Source Leakage Current 






2 


mA 


V GS = 0V, V DS = 30 V 


'GSS 


Gate-Source Leakage Current 






100 


nA 


V GS = 40V, V DS = 0V 


9m 1 


DC Forward Transconductance 


0.4 








V D S " 10V, l D - 2A, 
AV GS = 1.0V 


'Dion) 1 


On-State Drain Current 




3.0 




A 


V DS = 30V, V GS = 10V 


VGSIth) 


Gate Threshold Voltage 


2.0 




6.0 


V 


VQS = V DS. ID = 200 mA 


c iss 


Common-Source Input Capacitance 






100 


PF 


V GS - 0V, V DS - 30V, 
f = 1.0 MHz 


Cqss 


Common-Source Output Capacitance 






80 


pF 


V GS - 0V, V DS = 30V, 
f = 1.0 MHz 


Crss 


Reverse Transfer Capacitance 






12 


pF 


V GS = 0V, V DS = 30V, 
f = 1.0 MHz 


2 ps 


Common-Source Power Gain 


10 






dB 


V DD - 28V, Po = 40W, 
f = 175 MHz, l DQ = 0.2A 


1 


Drain Efficiency 




65 




% 


Vqo - 28V, Po - 40W, 
f = 175 MHz, l DQ = 0.2A 


V SWR 


Load Mismatch Tolerance 


30:1 








V DD ' 28V, Po = 40W, 
f = 175 MHz, l DQ = 0.2A 


Note 1: Pulse Test-SOjJS to 300pis, 1% duty cycle 
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Siliconix 



TYPICAL PERFORMANCE CURVES— CONTINUED (25° C unless otherwise specified) 



^OUT 'Series) vs Frequency 



Z| pj (Series) vs Frequency 
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FREQUENCY (MHz) 



10 20 30 40 60 80 100 

FREQUENCY (MHz) 



150 200 



SMALL SIGNAL 2-PORT PARAMETERS 



2-PORT S-PARAMETERS DV2840S 



2-PORT S-PARAMETERS DV2840W 



Froq 



Sll 


1 


2 
S21 


3 


4 

S12 


5 


6 

S 22 


7 


Freq 



Sl1 


1 


2 
S21 


3 


4 

S« 


5 


6 
S 22 


7 


10 


.78 


-92° 


28.71 


124° 


.04 


37° 


.65 


-97" 


10 


.82 


-85° 


28.32 


129° 


.04 


40° 


.68 


-89 


20 


.76 


-127 


17.44 


108° 


.05 


19° 


.66 


-131 


20 


.78 


-121 


17.77 


108 


.05 


21 


.66 


-123 


30 


.78 


-145 


12.19 


104 


.05 


13 


.67 


-146 


30 


.79 


-139 


12.40 


95 


.05 


10 


.68 


-139 


40 


.81 


-151 


9.07 


91 


.05 


10 


.73 


-151 


40 


.79 


-150 


9.22 


87 


.05 


4 


.68 


-146 


50 


.78 


-157 


635 


81 


.05 


10 


.69 


-155 


50 


.79 


-153 


7.10 


82 


.05 


-1 


.69 


-150 


60 


.78 


-160 


5.71 


75 


.05 


-1 


.69 


-157 


60 


.79 


-157 


5.75 


78 


.05 


-3 


.70 


-154 


70 


.78 


-164 


4.96 


71 


.04 


-2 


.70 


-160 


70 


.80 


-160 


4.81 


73 


.05 


-4 


.72 


-157 


80 


.79 


-165 


4.11 


67 


.04 


-4 


.71 


-161 


80 


.80 


-162 


4.13 


70 


.05 


-8 


.72 


-157 


90 


.80 


-167 


3.39 


65 


.04 


-3 


.73 


-163 


90 


.81 


-164 


3.62 


67 


.05 


-9 


.73 


-159 


100 


.81 


-169 


3.16 


63 


.04 


-3 


.74 


-164 


100 


.81 


-165 


3.14 


64 


.04 


-10 


.75 


-160 


120 


.83 


-170 


2.45 


57 


.04 


-3 


.76 


-166 


120 


.83 


-167 


2.47 


60 


.04 


-11 


.77 


-167 


140 


.84 


-173 


2.01 


54 


.04 


-2 


.78 


-168 


140 


35 


-169 


1.91 


56 


.04 


-12 


.79 


-163 


160 


.85 


-174 


1.67 


50 


.03 


1 


.80 


-170 


160 


.86 


-171 


1.67 


54 


.04 


-13 


.81 


-166 


180 


.87 


-176 


1.38 


48 


.03 


6 


.83 


-172 


180 


.87 


-172 


1.39 


51 


.04 


-14 


.83 


-167 


200 


38 


-177 


1.17 


46 


.03 


10 


.84 


-173 


200 


.88 


-173 


1.19 


49 


.04 


-13 


.84 


-168 


225 


.89 


-178 


1.00 


42 


.03 


14 


.87 


-175 


225 


.89 


-174 


1.00 


46 


.03 


-13 


.86 


-168 


250 


.90 


179 


.84 


38 


.03 


19 


57 


-176 


250 


.89 


-176 


35 


44 


.03 


-13 


.87 


-170 


275 


sa 


180 


38 


31 


.03 


20 


B6 


-176 


275 


.90 


-177 


.73 


42 


.03 


-11 


.88 


-171 


300 


.90 


-177 


.62 


33 


.03 


28 


39 


-178 


300 


.91 


-177 


.63 


40 


.03 


-10 


.90 


-171 


325 


.91 


-176 


.55 


30 


.03 


33 


.89 


-178 


325 


.91 


-178 


.55 


37 


.02 


-8 


.90 


-171 


350 


.91 


-175 


.48 


28 


.03 


37 


.90 


-178 


350 


.92 


-179 


.483 


37 


.02 


-5 


.90 


-172 


375 


.91 


-175 




27 


.03 


42 


.90 


-179 


375 
400 
425 
450 


.92 
.93 
.93 
.93 


179 
177 
176 
176 


.432 
.401 
.358 
.328 


37 
37 
38 
38 


.02 
.02 
.02 
.02 


-1 
3 
8 
13 


.91 

.92 
.92 
.92 


-172 
-173 
-173 
-174 




















475 
500 


.93 
.93 


175 
174 


.307 
.286 


38 .02 

39 .02 


18 
25 


.93 
.93 


-175 
-176 
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TEST FIXTURE 



175 MHz Schematic 




NOTES: C v C 7 . C 8 , ARCO #422 TRIMMER CAPACITORS, 4-40 pF 0123456 
C 2 , ARCO #463 TRIMMER CAPACITOR, 9-180 pF 

C 3 . Cj, SEMCO 50 pF POWER CAPACITOR POWER IN (WATTS) 

C 4 , C 5 , 0.004 *,F FEED-THRU CAPACITORS 
L v 1 1/4" LENGTH OF #12 AWG COPPER WIRE 
L 2 , 1 1/2" LENGTH OF #12 AWG COPPER WIRE 
L 3 , S-TURNS OF #22 AWG ENAMELED WIRE ON 
1/4" DIAMETER, CLOSE WOUND 



CAUTION: Beryllium Oxide — The top cap of this device is alumina which is harmless. However, the ceramic portion 
between the leads and the metal flange is Beryllium Oxide, the dust of which is toxic. Care must therefore be taken during 
handling and mounting the device to prevent any damage to this area. 

Steps must be taken to ensure that all those who may handle, use, or dispose of this device are aware of its nature and of 
these necessary safety precautions. In particular the transistor should never be thrown out with general industrial or 
domestic waste. 
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Siliconix 



DV2880T ■ DV2880U ■ DV2880W 

N-Channel Enhancement-Mode 
RF Power FETs 

Other Devices in Series: 

DV2805, DV2810, DV2820, DV2840, DV28120 



FEATURES 

■ Infinite VSWR 

■ No Thermal Runaway 

■ Broadband Capability 

■ Class A, B, C, D, E 

■ Low Noise Figure 

■ High Dynamic Range 

■ Simple Bias Circuitry 

■ S-Parameter Design 



Package Type T 



Package Type U 



Siliconix 

175 MHz 
28-35 V 
80 W 
10 dB 



Package Type W 






.500 JO Flange 



.500 SOE Flange 



See page 5-62 for Package Dimensions 
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ABSOLUTE MAXIMUM RATINGS (T c = 25° C unless otherwise noted) 

Gate-Source Voltage 40V Total Device Dissipation 160 W 

Drain-Source Voltage 80V Thermal Resistance, Junction to Case . . 1.1°C/W 

Drain-Gate Voltage 80V Junction Temperature 200°C 

Drain Current (DC) 8 A Storage Temperature -65°C to 150°C 



ELECTRICAL CHARACTERISTICS (T c = 25° C unless otherwise noted) 



Symbol 


Characteristics 


Min 


Typ 


Max 


Unit 


Test Conditions 


BV DSS 


Drain-Source Breakdown Voltage 


80 






V 


V GS - 0V, l D = 20 mA 


'dss 


Drain-Source Leakage Current 






4 


mA 


V GS = 0V. V DS = 30V 


'gss 


Gate-Source Leakage Current 






100 


nA 


V G S = 40V. V DS = 0V 


9m' 


D.C. Forward Transconductance 


0.8 


1.1 




Mho 


V DS - 10V. ID = 4A, AV GS - 1.0V 


'D(on)' 


On-State Drain Current 




7 




A 


V DS = 30V, V GS = 10V 


v GS(th) 


Gate Threshold Voltage 


2 




6 


V 


V GS = V DS. Id = 400 mA 


Cjss 


Common-Source Input Capacitance 






210 


pF 


V G S = 0V, V DS - 30V, t- 1.0 MHz 


Coss 


Common-Source Output Capacitance 






175 


pF 


VGS = 0V. V DS = 30V, f - 1.0 MHz 


c rss 


Reverse Transfer Capacitance 






25 


pF 


V GS • 0V, V DS = 30V, f 1.0 MHz 


G PS 


Common-Source Power Gain 


10 






dB 


V DD = 28V, Po = 80W, f = 175 MHz, 
I DO. = 0-4A 


1 


Drain Efficiency 




65 




% 


V DD - 28V, Po - 80W. f f 175 MHz. 
Iqq = 0.4 A 


V SWR 


Load Mismatch Tolerance 


30:1 








V DD = 28V, Po = 80W. f = 175 MHz, 
IQQ = 0.4A 


N.F. 


Noise Figure 




4.0 




dB 


V DS = 28V, l D = 0.4A, f = 175 MHz 



Note 1: Pulse Test-80^iS to 300ms, 1% duty cycle 



Transconductance vs 

Drain Current Transfer Characteristics Output Characteristics 




1 2 3 4 5 6 7 8 2 4 6 8 10 12 10 20 30 40 50 

l D - DRAIN CURRENT - AMPS V GS - GATE TO SOURCE VOLTAGE - VOLTS V„ s - DRAIN TO SOURCE - VOLTS 




APPLICATIONS AND SYSTEMS DATA 



Power Gain 

and Efficiency Output Power vs 

vs Frequency Efficiency vs I DQ Gate-Source Bias 




Siliconix 



SMALL SIGNAL 2-PORT PARAMETERS 



2-PORT Y-PARAMETER MATRIX IN MILLIMHOS 



Freq 


Y 11 


Y 


21 




V 12 


Y 


22 


(MHz) 


(Real 


I mag) 


(Real 


I mag) 


(Real 


I mag) 


(Real 


I mag) 


10 





10.5 


886 


-47.6 





-1.03 


4.42 


8.34 


20 


0.897 


21.3 


881 


-37.5 





-2.05 


5.31 


15.9 


50 


6.52 


58.3 


902 


-106 


.5 


-5.65 


7.61 


42.5 


100 


20.1 


128 


1060 


-294 


2.13 


-11.9 


11.0 


89.3 


150 


57.0 


207 


1220 


-565 


6.63 


-19.8 


21.4 


134 


200 


125 


322 


1450 


-964 


12.8 


-33.4 


23.1 


191 


250 


241 


340 


1230 


-1.61 


32.5 


-48.7 


14.9 


226 


300 


520 


219 


215.5 


-2.4 


33.6 


-96.9 


-76.3 


371 


350 


565 


124 


-243.2 


-2.02 


43.5 


-123 


-66.1 


417 


400 


574 


4.06 


-695.7 


-1.72 


37.1 


-166 


-59.3 


551 


450 


509 


-35.6 


-812.7 


-1.35 


30.2 


-198 


-17.0 


644 


500 


477 


-11.6 


-800.4 


-1.27 


43.7 


-258 


-13.8 


749 


Condition: 28 V. 1.6 A 















Equivalent Large Signal Series 
Input Impedance 
us Frequency 




FREQUENCY - MHi 



Freq 
(MHz) 

10 
20 
50 
100 
150 
200 
250 
300 
350 
400 
450 
500 
Condition 



POLAR S-PARAMETERS IN 50.0 OHM SYSTEM 

s 11 s 21 s 12 s 22 

Angl) (Magn Angl) (Magn Angl) 

691 



(Magn 

.798 
.819 
.839 
.884 
.921 
.943 
.953 
.959 
.962 
.966 
.963 
.966 
: 28 V, 1 



Angl) 

-134° 
-154° 
-168° 
-173° 
-175° 
-177° 
-179° 
178° 
178° 
177° 
176° 
176° 
.6 A 



(Magn 

25.1 
13.1 
4.51 
1.95 
1.04 
.629 
.436 
.309 
.234 
.187 
.157 
.138 



Equivalent Large Signal Series 
Output Impedance 
vs Frequency 



106" 
91.8° 
71.8° 
51.1° 
40.4° 
34.2° 
28.3° 
26.4° 
24.4° 
24.3° 
25.9° 
27.2° 



.00 
.03 
.03 
.02 
.016 
.013 
.013 
.013 
.015 
.017 
.020 
.029 



18.4 
6.42° 
-6.34° 
-13.2° 
-6.22° 
-1.27° 
24.5° 
40.4° 
50.7° 
58.8° 
65.5° 
69.0° 



.819 
.766 
.835 
.888 
.917 
.939 
.950 
.954 
.957 
.958 
.962 



-141° 
-157° 
-166° 
-169° 
-172° 
-174° 
-175° 
-176° 
-176° 
-177° 
-178° 
-178° 




BROADBAND AMPLIFIER ABSTRACT 

Besides identifying five distinct advantages of power VMOS FETs which makes them the "designer's 
choice" for wideband amplifier design. Application Note AN80-4 derives useful equations that allow 
for the establishment of power gain and low input VSWR. Described is a 100 W power amplifier 
extending across the 30 MHz to 90 MHz band with an input VSWR less than 1.2:1, and a power gain 
of typically 10 dB. See Application Note AN80-6 for ALC, AGC applications. 
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TEST FIXTURE 

COMMON Vqs 



175 MHz Test Fixture 



]3lZ? o © o 




1000 pF 



SEMCO 50 pF 



SEMCO 50 pF 







Scale: 3/4 of Original Size 



175 MHz DV2880 Schematic Diagram 




DV2880T Typical 
Output Power vs 
Input Power 



RF IN (5^fF 



120 



1 

| ,0 



^-©RFOUT 




All DV2880's are Tested in this Test Fixture 



PARTS LIST 

Q|, C3, 4 to 40 pF ARCO #422 trimmer capacitors 
Cg, Cg, 9 to 180 pF ARCO #463 trimmer capacitors 
L 1; 1 3/16" length of #12 AWG (loop 1/2") 
L 2 , 1" length of #12 AWG (loop 0.4") 

L3, 8 turns #18 AWG enamel of 1/4" diameter, close wound 
R-|, 300 1/2 watt 
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BROADBAND AMPLIFIER 



30 to 80 MHz Broadband Component Layout 
V G S 




0.1 /iF 



22 ixF 



O 0.1 uF 




"2 







Circuit Board Layout, Scale: 3/4 of Original Size Full-Scale PCB Shown on Last Page 

100 Watt Broadband VMOS Power Amplifier 
+ V G S 



+28 V 



►10 K 



^0.1 ii F 



1± 




\juuu — / 
zr:9-i80pF 



PARTS LIST 

RFC ~ ferroxcube P/N VK200 09/3B 

T-,, T 6 ~ two turns of RG-196A/U 50 ft coax 
wound on three balun cores placed end on end. 
Cores are stackpole P/N 57-0973, hq = 35 

T2, T3 ~ two turns #22 twisted pair, four turns 
per inch, wound on two balun core. Core is stack- 
pole P/N 57-0973. MO = 35 




22/JF/50V 



0.1 nF 



ro.inF 



T4 = T5 ~ three turns of 25 ft coax wound on 
6 torroid cores. Cores are configured similar to 
balun style core, three cores per side. Two 50 ft 
coax RG-196A/U were paralleled to simulate 
25 ft coax. Cores are Indiana General P/N 
F627-8-Q2 

R1, R2 ~ three 18 ft 2 watt carbon composition 
resistors in parallel 
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o 

CM 

cb 

CM 



Other Devices in Series: 

DV2805, DV2810, DV2820, DV2840, DV2880 



20-35 V 
120 W 
10 dB 



FEATURES 

■ Infinite VSWR 

■ No Thermal Runaway 

■ Broadband Capability 

■ Class A, B, C, D, E 

■ Low Noise Figure 

■ High Dynamic Range 

■ Simple Bias Circuitry 



Package Type T 



Package Type U 





.500 JO Flange 



.500 SOE Flange 



See page 5-62 for Package Dimensions 



ABSOLUTE MAXIMUM RATINGS (T c = 25° C unless otherwise noted) 



Gate-Source Voltage 40V 

Drain-Source Voltage 80V 

Drain-Gate Voltage 80V 

Drain Current (DC) 12A 



Total Device Dissipation 240W 

Thermal Resistance, 

Junction to Case 0.73°C/W 

Junction Temperature 200°C 

Storage Temperature -65° C to 150° C 



ELECTRICAL CHARACTERISTICS (T c = 25° C unless otherwise noted) 



Symbol 


Characteristics 


Min 


Typ 


Max 


Unit 


Test Conditions 


BVrjss 


Drain-Source Breakdown Voltage 


80 






V 


Vgs = 0V, l D = 30 mA 


'DSS 


Drain-Source Leakage Current 






6 


mA 


V G S • 0V, V DS = 30V 


'GSS 


Gate-Source Leakage Current 






100 


nA 


V GS = 40V. V DS = 0V 


9m 


D.C. Forward Transconductance 1 


1.2 


1.8 




Mho 


V DS = 10V, l D = 6A, AV GS = 1.0V 


iD(on) 


On-State Drain Current 1 




12 




A 


V DS = 30V, V GS = 10V 


v GSIth) 


Gate Threshold Voltage 


2 




6 


V 


V G S = V DS , Iq = 600 mA 


Ciss 


Common-Source Input Capacitance 






300 


pF 


vgs - ov. v DS = 28v, f = 1.0 mhz 


Coss 


Common-Source Output Capacitance 






240 


PF 


VGS = 0V, V D S = 28V. f = 1.0 MHz 


Crss 


Reverse Transfer Capacitance 






35 


pF 


Vqs - 0V, V DS = 28V, f = 1.0 MHz 


G ps 


Common-Source Power Gain 


281 20T 


10 






dB 


V D D = 28V, Po = 120W, f = 175, MHz, 
I DO. • 0.6A 


28120U 


9.0 






*i 


Drain Efficiency 




65 




% 


V DD « 28V, Po - 120W, f = 175 MHz, 
I DO. " 0.6A 


VSWR 



Load Mismatch Tolerance 


30:1 






I 


V D D = 28V, Po = 120W, f = 175 MHz, 
l D Q = 0.6A 



Note 1: Pulse Test-80us to 300us, 1% duty cycle 
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DC Safe Operating Region 
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TYPICAL 
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175 MHz RF TEST FIXTURE 




GND +28V 



:5 ~ - cc 



PARTS LIST 

C1, C6 5-80 pF (ARCO 462) 

C7 C2, C5 50 pF SEMCO 

C3 4-40 pF (ARCO 422) 

C4, C7 0.01 (iF 

C8 9-180 pF (ARCO 463) 

LI 7/8" #12 AWG 0.4" Loop 

L2 7/8" #12 AWG 0.4" Loop 

L3 8 Turns #16 AWG 1/4" l D 

R1 10K 1/4W 



OUT 



Power Out vs Power In 
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Siliconix 



TYPICAL AMPLIFIER LINE-UP 



17S MHz 200 Watt 
28 Volt P.A. Line-Up 

(qq = 25 mA Iqq = 100 mA 

0.2W 20W 



l DQ • 600 mA 



DV2806 



DV2820 



200 Watt P.A. 30 dB Gain 
All Stages are Class B 



Iqq ■ 600 mA 



> 



I - 200W 



2 x DV28120 



CAUTION: Beryllium Oxide - The top cap of this device is alumina which is harmless. However, the ceramic portion 
between the leads and the metal flange is Beryllium Oxide, the dust of which is toxic. Care must therefore be taken 
during handling and mounting the device to prevent any damage to this area. 

Steps must be taken to ensure that all those who may handle, use, or dispose of this device are aware of its nature and of 
these necessary safety precautions. In particular the transistor should never be thrown out with general industrial or 
domestic waste. 
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175 MHz 120W 
28-35V 10dB 

Other Devices in Series: 
DV2880V 



FEATURES 

■ Infinite VSWR 

■ No Thermal Runaway 

■ Broadband Capability 

■ Class A, B, C 

■ Low Noise Figure 

■ High Dynamic Range 

■ Simple Bias Circuitry 



V Package 




.400 Push-Pull Flange 
See page 5-62 for Package Dimensions 



ABSOLUTE MAXIMUM RATINGS (T C = 

Gate-Source Voltage 40V 

Drain-Source Voltage 70V 

Drain-Gate Voltage 70V 

Drain Current (DC) 12A 



°C unless otherwise noted) 

Total Device Dissipation 240W 

Thermal Resistance, Junction to Case . .0.73°C/W 

Junction Temperature 200°C 

Storage Temperature -55°Cto +150°C 



ELECTRICAL CHARACTERISTICS (T C =25°C unless other noted) 



Symbol 


Characteristics 


Min 


Typ 


Max 


Unit 


Test Conditions 


BV DSS 


Drain-Source Breakdown Voltage 


70 






V 


V GS = 0V, Id = 30 mA 


'dss 


Drain-Source Leakage Current 






6 


mA 


V GS = 0V, V DS =30V 


'gss 


Gate-Source Leakage Current 






100 


nA 


V GS =40V, V DS = 0V 


3m 


D.C. Forward Transconductance 1 


1.2 


1.8 




Mho 


V DS = 10V, l D = 6A, AV GS = 1 .0V 


'D(on) 


On-State Drain Current 1 




12 




A 


V DS = 30V, V GS =10V 


V G S(th) 


Gate Threshold Voltage 


2 




6 


V 


V G s = V Ds . I D = 600 mA 


Ciss 


Common-Source Input Capacitance 2 






300 


pF 


V GS = 0V, V DS =28V, f = 1.0 MHz 


Coss 


Common-Source Output Capacitance 2 






240 


pF 


V GS =0V, V DS =28V. f= 1.0 MHz 


Crss 


Reverse Transfer Capacitance 2 






35 


PF 


V GS =0V, V DS =28V, f = 1.0 MHz 


G PS 


Common-Source Power Gain 


10 






dB 


V DD =28V, P o =120W 
f = 175 MHz, l DQ =0.6A 


'1 


Drain Efficiency 
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% 


V DO =28V, P = 120W 
f = 175 MHz, l DQ = 0.6A 


V SWR 


Load Mismatch Tolerance 


30:1 








V OD =28V, P o =120W 
f = 175 MHz, l DQ = 0.6A 



Note 1: Pulse Test— 80 y s to 30<Vs. 1% duty cycle 

Note 2: All DC and Capacitance parameters measured with both sides in parallel. 



TYPICAL 



(25°C unless 



FIGURE 1 Transconductance vs. 
Drain Current 
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FIGURE 2 Transfer Characteristics 



) 2 4 6 8 10 12 14 16 18 
l D - DRAIN CURRENT (AMPS) 

FIGURE 3 Output Characteristics 




Vqs - GATE TO SOURCE VOLTAGE (VOLTS) 
FIGURE 4 DC Safe Operating Region 
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FIGURE 5 MTTF vs. Chip Temperature 
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FIGURE 6 



Z 1N (Series) vs. FIGURE 7 Z 0UT (Series) vs. 

/ (Each Side) Frequency (Each Side) 





1 1 


1 II 1 




1 1 


1 1 1 1 


















































































































1 III 




1 1 


1 III 



10 20 50 100 200 

FREQUENCY (MHz) 



-100 
-80 

-60 g 
z 

■X 



3 3 

i 

2 











i — i — i — 


TTTT 

MM 


— 












Rc 


UT 














N 













-4 














r 






— — ' 




JUT 














































I t 


I III 




1 1 


II ii 



20 50 100 200 
FREQUENCY (MHz) 



175 MHz RF TEST FIXTURE 



FIGURE 8 DV28120V Test Fixture 
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Ci ARCO 422 (4-40 pF) 
C 2 . C 3 ARCO 462 (5-80 pF) 
Li, L 2 1/2" x 0.1" TRACE ON BOARD 
La, U 7/8" x 0.1" TRACE ON BOARD 
L 5 7 1/2 TURNS #20 WIRE 5/16" DIA. 

Ti, T 6 50!! BALUN: 2 TURNS 501! COAX THROUGH 2 STACKPOLE 571522 BALUN CORES 
T 2 -T 5 4:1 TRANSFORMER: 1 TURN OF 2 50!! COAX IN PARALLEL THROUGH 2 STACKPOLE 
57 1522 BALUN COVES 



FIGURE 9 Power Out vs. Power In 
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lDO = 0.1A 



1W( 



FIGURE 10 Typical Amplifier Line Up 
, = 0.6A 




)120W 



DV2820 



120 WATT PA 
20.8 dB GAIN 
175MHz 
ALL STAGES ARE CLASS AB 



< 

o 
< 



DV28120V 



FIGURE 11 Simplified AC Equivalent Circuit Model, Each Half 

0.5 nH 

_nnn — 

_ -gs — iiu pr 




CAUTION: Beryllium Oxide — the top cap of this device is alumina which is harmless. However the 
ceramic portion between the leads and the metal flange is Beryllium Oxide, the dust of which is toxic. 
Care must therefore be taken during handling and mounting the device to prevent any damage to this 
area. 

Steps must be taken to ensure that all those who may handle, use, or dispose of this device are aware 
of its nature and of these necessary safety precautions, in particular the transistor should never be 
thrown out with general industrial or domestic waste. 
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'IUUV Power FET 



175 MHz 120 W 
80-120 V 10 dB 

Other Devices in Series: 
DVD030S 



100 MHz 150 W 
80-120 V 17 dB 



FEATURES 

■ Infinite VSWR 

■ No Thermal Runaway 

■ Broadband Capability 

■ Class A, B, C, D, E 

■ Low Noise Figure 

■ High Dynamic Range 

■ Simple Bias Circuitry 

■ Lower l 2 R Losses 



Package Type T 




.500 JO Flange 
See page 5-62 for Package Dimensions 



ABSOLUTE MAXIMUM RATINGS (T C =25°C unless otherwise noted) 



Gate-Source Voltage 40V 

Drain-Source Voltage 220V 

Drain-Gate Voltage 220V 

Drain Current (DC) 4.8A 



Total Device Dissipation 240W 

Thermal Resistance, Junction to Case . .0.73°C/W 

Junction Temperature 200°C 

Storage Temperature -65°Cto +150°C 



ELECTRICAL CHARACTERISTICS (T C =25°C unless other noted) 



Symbol 


Characteristics 


Min 


Typ 


Max 


Unit 


Test Conditions 


BV DSS 


Drain-Source Breakdown Voltage 


220 






V 


V GS = 0V, l D = 30 mA 


'dss 


Drain-Source Leakage Current 






6.0 


mA 


V GS =0V, V DS =100V 


'gss 


Gate-Source Leakage Current 






100 


nA 


V GS = 40V, V DS = 0V 


9m' 


D.C. Forward Transconductance 


1.0 






Mho 


V DS = 50V, I o = 5A, AV GS = 1 .OV 


'Dion) 1 


On-State Drain Current 


1.5 






A 


V DS = 50V, V 6S =5V 


V GS(th) 


Gate Threshold Voltage 


2.0 




6.0 


V 


V G s = V DS , Id= 1° Amp 


C iss 


Common-Source Input Capacitance 






400 


pF 


V GS =0V, V DS = 30V, f= 1.0 MHz 


Coss 


Common-Source Output Capacitance 






100 


pF 


V GS = 0V, V DS = 30V, f = 1.0 MHz 


C rss 


Reverse Transfer Capacitance 






15 


pF 


V GS = 0V, V DS =30V, f= 1.0 MHz 


Q 


Common-Source Power Gain 


10 


17 




dB 


V DD =100V, V GS = 0V, P o =120W, 
f= 175 MHz 

V DD =100V, V GS = 0V, P o =150W, 
f = 100 MHz 


' 


Drain Efficiency 
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% 


V DD =100V, P o =120W 
f=175 MHz, V GS =0V 


V S WR 


Load Mismatch Tolerance 


30:1 








V OD =100V, P o =120W 
f=175 MHz, l D|maxl =2.4A 



Note 1: Pulse Test — 80f*s to 300hs, 1% duty cycle 



5-54 



Siliconix 



TYPICAL PERFORMANCE CURVES 



FIGURE 1 Transfer Characteristics 



FIGURE 2 Output Characteristics 
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FIGURE 6 Series Equivalent Input 
Impedance vs. Frequency 
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FIGURE 7 Series Equivalent Output 
Impedance vs. Frequency 
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RF TEST FIXTURES 

FIGURE B 175 MHz Test Fixture 



Q 



c 2 

0.001 ,.F 



Ci 



7T 



c 3 




PARTS LIST 

Ci, C 3 , C 5 , C 6 , ARCO #462, 5 TO 80 pF TRIMMER CAPACITORS 

L|, L 2 , 1 1/2 TURNS #12 AWG AIR WOUND, 5/16" IN DIA. 

RFC, 10-TURNS #20 AWG ENAMEL ON 1/4" DIA., CLOSE WOUND 
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FIGURE 9 Typical Power Out vs. 
Power In 
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FIGURE 10 100 Volt VNR 100 MHz Test Fixture 

Vdd 



FIGURE 11 Power Out vs. Power In 




Ci, C 5 , C 6 ARCO #462 5 TO 80 pF TRIMMER CAPACITOR 

C 2 , 30 pF SEMCO POWER CAPACITOR 

C 3 , ARCO #422 4 TO 40 pF TRIMMER CAPACITOR 

RFC, 13-TURNS #18 AWG CLOSE WOUND ON 0.3" DIA. 

Ll 3-TURNS #12 AWG ON 0.3" DIA. 

L 2 , 5-TURNS #12 AWG ON 0.3" DIA. 
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FIGURE 12 2-30 MHz Linear Amplifier 

VGG1 VGG2 




PARTS LIST 

Ti 4:1 TRANSFORMER 

4 TURNS OF TWO 50Q COAX IN PARALLEL THROUGH 
SIX INDIANA GENERAL FERRITE CORES PN F627-8-Q1 

T 2 12.5S! BALUN 

2 TURNS OF FOUR 50!! COAX IN PARALLEL THROUGH 
SIX INDIANA GENERAL FERRITE CORES PN F627-8 Q1 

T 3 4:1 TRANSFORMER 

4 TURNS OF TWO 50!! COAX IN PARALLEL THROUGH 
SIX INDIANA GENERAL FERRITE CORES PN F627-8Q1 

T 4 50Q BALUN 

6 TURNS OF 50!! COAX THROUGH SIX INDIANA 
GENERAL FERRITE CORES PN F627-8-Q1 



FIGURE 14 Intermodulation Ratio vs. 
Output Power (30 MHz) 



NOTES: 

1. V DD = 100V 

2. I DQ = 0.25A/TRANSISTOR 



FIGURE 13 Gain and Input VSWR 
vs. Frequency 
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FIGURE 15 Intermodulation Ratio vs. 
Output Power (2 MHz) 
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CAUTION: Beryllium Oxide — The top cap of this device is alumina which is harmless. However, the ceramic portion between the leads and the metal 
flange is Beryllium Oxide, the dust of which is toxic. Care must therefore be taken during handling and mounting the device to prevent any damage to 

this area. 

Steps must be taken to ensure that all those who may handle, use, or dispose of this device are aware of its nature and of these necessary safety 
precautions. In particular the transistor should never be thrown out with general industrial or domestic waste. 
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Mode RF Power FETs 



175 MHz 
20-35 V 
20 W 
10dB 



FEATURES 

■ Infinite VSWR 

■ No Thermal Runaway 

■ Broadband Capability 

■ Class A, B, C, D, E 

■ Low Noise Figure 

■ High Dynamic Range 

■ Simple Bias Circuitry 

■ S- Parameter Design 



Package Type S 




.380 SOE Flange 



See page 5-62 for Package Dimensions 



ABSOLUTE MAXIMUM RATINGS (T c = 

Gate-Source Voltage 40V 

Drain-Source Voltage 60V 

Drain-Gate Voltage 60V 

Drain Current (DC) 2A 



25° C unless otherwise noted) 

Total Device Dissipation 40W 

Thermal Resistance, Junction to Case . . 4.4°C/W 

Junction Temperature 200°C 

Storage Temperature -65°C to 150°C 



ELECTRICAL CHARACTERISTICS (T c = 25° C unless otherwise noted) 





Symbol 


Characteristics 


Min 


Typ 


Max 


Unit 


Test Conditions 


BV DSS 


Drain-Source Breakdown Voltage 


60 






V 


Vqs = 0V, l D = 1.0 mA 


IDSS 


Drain-Source Leakage Current 






100 


ma 


V GS = 0V, V DS = 25V 


'gss 


Gate-Source Leakage Current 






100 


nA 


V GS = 40V, V DS = 0V 


9m 1 


D.C. Forward Transconductance 


0.2 


0.3 




mho 


V DS = 10V, l D = 1A, AV GS = 1.0V 


'□(on) 1 


On-State Drain Current 


1.2 


1.8 




A 


V DS = 30V, V GS = 10V 


v GS(th) 


Gate Threshold Voltage 


2 




6 


V 


V GS = V DS. iD ■ 100 mA 


Hss 


Common-Source Input Capacitance 




35 


50 


pF 


V G S " 0V, V DS = 30V, f - 1.0 MHz 


Coss 


Common-Source Output Capacitance 




30 


40 


PF 


V GS - 0V, V DS = 30V, f = 1.0 MHz 


c rss 


Reverse Transfer Capacitance 




5.0 


7.5 


pF 


V GS = 0V, V DS = 30V, f = 1.0 MHz 




Common-Source Power Gain 


10 






dB 


V DD = 28V, Po = 20W, f = 175 MHz, 
1 DQ = 0.1A 


1 


Drain Efficiency 
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% 


V DD = 28V, Po - 20W, f = 175 MHz, 
I DQ » 0.1A 


V SWR 


Load Mismatch Tolerance 


30:1 








V DD = 28V, Po - 20W, f = 175 MHz, 
IDQ " 0.1 A 


IM.F. 


1 1 

Noise Figure 





5.6 




dB 




V DS = 28V, l D = 0.1A, f - 175 MHz 



Note 1: Pulse Test-80us to 300us, 1% duty cycle 
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TYPICAL PERFORMANCE CURVES (25° C unless otherwise noted) 



Transconductance vs Drain Current 
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V DS = 25V 

80 ms PULSE TEST 

DUTY CYCLE LESS THAN 5% 
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Output Characteristics 
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DC and Inductive Safe Operating 
Region T C =25°C 
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APPLICATIONS 



28V WIDEBAND AMPLIFIER 
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4fi m 5i n 

CARBON COMP 
il/2VV RESISTORS 
(12.6 n TOTAL) 



-© 



Parts List 

Ti, 20 turns 30 J2, #30 bifilar on micrometals T-50-6 
Toroid 

T2, 1 turn of 2-50 ficoax cables in parallel through 2 
balun cores stackpole #57-91 30 /Uo= 125 



Gain vs Frequency 
(Nominal P UT =19 - 4 w) 
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100 



SMALL SIGNAL 2-PORT 
PARAMETERS 



POLAR S-PARAMETERS VMP4 IN 
50.0 OHM SYSTEM 



Fr«l 


•tl 


! 


>21 


S 


12 




s 22 


(MHz) 


(Magn 


Angl) 


(Magn 


Angl) (Magn Angl) 


Mag 


n Angl) 


10 


.93 


-36 


22.13 


150 


.03 


63 


.83 


-35 


20 


.89 


-67 


18.84 


134 


.05 


50 


.78 


-65 


30 


.84 


-91 


15.85 


124 


.06 


41 


.72 


-85 


40 


.79 


-107 


12.59 


113 


.06 


32 


.69 


-102 


50 


.76 


-120 


10.00 


99 


.07 


19 


.65 


-114 


60 


.73 


-129 


8.41 


91 


.07 


15 


.62 


-121 


70 


.72 


-137 


7.5 


85 


.07 


12 


.62 


-128 


80 


.72 


-142 


6.31 


80 


.07 


9 


.62 


-133 


90 


.72 


-147 


5.31 


76 


.06 


8 


.62 


-139 


100 


.72 


-151 


5.01 


73 


.06 


7 


.62 


-142 


120 


.73 


-156 


3.98 


66 


.06 


6 


.64 


-148 
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Conditions: 28V @ 450 mA 
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Input Return Loss vs Frequency 
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(Nominal Power Output 12 W PEP) 



> 



V D S = 28 V 


















'DC 


= 1 


25 A 








































































































































1 


























































| 






1 1 





TONE SPACING = 30 KHz 
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TEST FIXTURE 




Typical Output Power vs Input Power 



Parts List 

Ci,C 3 , 5-80 pFd 
C2, C4, 3-30 pFd 

Li , L3, 2 turns #20 enamel wire, close wound on 1 /4" dia. 
1-2, 7 turns #20 enamel wire, close wound on 1/4" dia. 
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CAUTION: Beryllium Oxide - The top cap of this device is alumina which is harmless. However the ceramic portion 
between the leads and the metal flange is Beryllium Oxide, the dust of which is toxic. Care must therefore be taken 
during handling and mounting the device to prevent any damage to this area. 

Steps must be taken to ensure that all those who may handle, use, or dispose of this device are aware of its nature and of 
these necessary safety precautions. In particular the transistor should never be thrown out with general industrial or 
domestic waste. 
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Application Note AN80-2 

Meet the Power-MOSFET Model 

A modeling of the MOSFET transistor for 

high frequency design 



Ed Oxner 



Vertical MOS transistors for high frequency applications 
have, within the past year, mushroomed in popularity 
partly because of the inherent temperature-related advan- 
tages unique to the technology. Such advantages include no 
thermal runaway, no current hogging and, to a lesser extent, 
a greatly reduced secondary breakdown phenomenon. As a 
result of this increased popularity it is important that a 
model be available that allows the designer the freedom to 
use CAD (Computer Aided Design) techniques for design 
optimization. Although VMOS models have been offered 
by several investigators, none has achieved a fully satis- 
factory representation that offers viable results over wide 
ranges of frequenciesO'^). 

The principal deficiency of these earlier models appears to 
lie in the heretofore neglect of the parasitic bipolar tran- 
sistor inherent in a vertical channel MOS structure [although 
not discussed in this paper, the published models of the 
double-diffused DMOS transistor also suffer from this same 
neglectW] . This parasitic npn bipolar transistor arises from 
the interaction of the p-channel (base), the n+ source 
(emitter) and the n- drain drift epitaxy (collector). 

At DC and frequencies below 5 MHz, it appears that the 
elements of this parasitic npn bipolar transistor have little 
affect on amplifier performance. However, as the frequency 



rises that continued neglect of including this parasitic tran- 
sistor into the model becomes increasingly severe. 

Device Design 

Much has been written offering the casual reader a basic 
understanding of VMOS desigm^.S). Beginning as a four- 
layer bipolar transistor all similarity ends when a V-groove 
is anistropically etched vertically into the structure provid- 
ing access to the p-channel for an overlay metal gate. Such 
design offers an opportunity for high-frequency performance 
not easily possible with planar silicon MOS technology. 

To effectively reduce the parasitic npn bipolar transistor 
effect the p-channel (base) is shorted to the n+ source 
(emitter) as shown in Figure 1. Generally with the base tied 
to the emitter an npn bipolar transistor remains in a non- 
conducting state. 



DEVICE SIMULATION 
The Physical Model 

Once a physical model has been constructed, achieving a 
workable schematic model is easy. Figure 2 shows the basic 

Rsp Rg Lg 




Cross-Section of Drain Substrate VMOS Configuration 
Figure 1 

Reprinted from RF Design magazine January/February, 1979 with permission. ©Cardiff Publishing Co. 1979 



The Physical Model 
2 
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four-layer structure: An n+ substrate - the wafer itself - 
with an n- epitaxy into which has been diffused, first a p 
doped layer and then into this p layer n+ diffusion. Needless 
to say, this figure is not to scale! Left alone this would 
be the beginning of a typical bipolar transistor. A V-groove, 
suitable oxide and an overlay metal for gate and source 
completes the physical model. The model is then mounted 
on a header - in the case for the Siliconix VMP4 a flanged 
380 SOE high-frequency package - and, finally, lead bonds 
attach the source and gate to their respective package 
terminals. Adding the parasitic capacitors and resistors is 
obvious. The result is a physical model of the VMOS high- 
frequency transistor, VMP4. 

The Schematic Model 

Using the physical model one can trace the entire electrical 
path and place all the parasitic elements that comprise 
the schematic model of the VMOS transistor. Figure 3 
identifies each element of the schematic model. The 
element, Rgg (1/Gqs). represents the output resistance 
(conductance) which cannot be physically realized. Lc, 
L$ and Lrjp are not intrinsic (that is, not part of the actual 
semiconductor element) but represent the package parasitic 
inductances of the Siliconix VMP4. Rq and Rgp represent 
resistive losses in both the gate and source metallizations as 
well as the lead losses. Cgs differs from Cqn ' n tnat the 
former is the field capacitance whereas the latter is that 
parasitic capacitance existing between the gate metal and 
the n+ source diffusion. 



The parasitic npn bipolar transistor evident in Figure 1 
must be considered as contributing parasitic elements (Rg. 
Cqb and Cjjg) as we " as being a potential parasitic 
generator; that is, contributing a finite Beta as an active 
element. The last is, indeed, possible and some explanation 
is necessary. Although the VMOS source is metallically tied 
to the base to reduce the effects of this parasitic npn bi- 
polar transistor, it so happens that the resistivity of the p 
diffusion, that forms both the VMOS channel and the 
parasitic transistor's base, has a finite resistance (measured 
as ohms-per-square). Although at the point of metallic 
contact the base-to-emitter resistance is effectively zero, 
nonetheless as the distance is removed from the short the 
bulk resistance increases, so Figure 1 can be 'corrected' as 
shown in Figure 4. Should a voltage exist across this base 
resistance, Rg, it is conceivable that the parasitic npn 
bipolar transistor can turn on. One obvious means of placing 
a voltage across this resistance is by coupling the output 
voltage on the drain through the drain-base capacitor, C[)g. 
However, it was determined that this parasitic npn bipolar 
transistor, acting as an independent parasitic generator is 
effectively muted having been found not to be a major 
contributor to the performance of the VMP4 at HF through 
VHF (400 MHz). Nevertheless, the contribution of the npn 
bipolar transistor's parasitic elements, Rg, Ccg and Cgrj, 
as an RC feedback network are of paramount importance as 
illustrated in Figure 5 where the intrinsic gain, S21 (dB), of 
the VMOS model is computed both with and without the 
contribution of these parasitic elements. 
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THE VALUES AflE FOR THE SILICONIX VMM. 
RESISTANCE IS IN OHMS; CAPACITANCE IN pF; 
INDUCTANCES IN nH; AND TRANSCONDUCTANCE 
IN mMHOS. 



The Schematic Model VMOS (VMP4) 
Figure 3 
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VMOS with a Parasitic npn Bipolar 
Figure 4 
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Experimental Results 



Measured scattering parameters were used as the basis for 
establishing an exact model. Nodal analysis using the Circuit 
Optimization Program, Compact'"' working with 15 var- 
iables allowed the interconnection of 3 and 4 port networks 
as illustrated in Figure 6. In the Compact program variables 
are identified as negative quantities. The final program used 
to determine the values of each element of the VMP4 



transistor is listed in Figure 7. Please be aware that one does 
not simply insert measured S-parameters and let the pro- 
gram crank numbers endlessly. No indeed. First you have 
to have a good idea of 'where you're coming from,' and use 
good judgment as to the initial values. Compact's values 
are an optimization of the initial data to arrive at parameter- 
fitting model. 




Nodal Analysis Flow Chart For Compact Synthesis 
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FREQUENCY (MHz! 



Figure 8(bl 





FREQUENCY [MHz) 

Figure 8(c) 



VMP4 
Figure 8 



100 



FREQUENCY (MH*i 

Figure 8(d) 



CONCLUSIONS 

This model offers a designer an excellent start in computer 
aided design of amplifiers and what-not. To ease the burden 
of transferring these data into your Compact program, the 
Siliconix VMP4 S-parameter data file is available in the 
Compact library under the manufacturer's code "SIX' and 
device code 'AA.' 

Compact is presently available from 6 networks: NCSS: 
Control Data/Cybernet; GE/Honeywell ; United Computing 
Systems; Tvmshare ; and, Computility/Call Data. 

Finally, I would like to acknowledge the sacrificing work 
of my close associate, Larry Lcighton for his efforts in 
assisting the development of this model. 
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Application Note AN80-3 o> 

Build a Broadband 
Ultralinear VMOS Amplifier 

This theory and construction article offers a 
unique opportunity to use the new power 
MOSFET. Amplifier two-tone intermodulation 
products can be as low as 70 dB below 

the carrier. 




The high-frequency vertical MOS power transistor is nearest 
to being the most truly ubiquitous transistor ever to appear 
in the marketplace. Not only can VMOS perform in the 
conventional AM and SSB amplifiers, but because of no 
minority-carrier storage time, it provides superb perform- 



ance in high-efficiency switch-mode Class E and F ampli- 
fiers. In fulfillment of the definition of ubiquitous, the 
VMOS transistor can be used interchangeably either as a 
power transistor or as a small-signal low-noise transistor. 



Reprinted from QST May, 1979 with permission of the American Radio Relay League. 
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What Is VMOS? 

VMOS, or more properly, vertical metal-oxide semi- 
conductor field effect transistor, evolved from the double- 
diffused epitaxial bipolar technology and it's easy to see 
this evolution in Figure 1. The obvious differences are the 
V-groove gate region, which has been anisotropically etched 
into the structure, and the joining of the source (emitter) 
to the base to assure that the parasitic npn bipolar 
transistor remains cut off during operation. 

The VMOS substrate of n+ material forms the drain. The 
n- epitaxial (epi) layer offers increased breakdown and, 
especially important for high-frequency performance, greatly 
reduced feedback capacitance. This epi layer also enhances 
the possibilities for the development of very high-voltage 
high-frequency power transistors which will soon revolu- 
tionize transmitter design. 

Unlike the more familiar DMOS (double-diffused MOS) 
technology where a cross section may be viewed (Figure 2) 
and compared to the VMOS cross-section (Figure 1), for 
each VMOS V-groove gate, two channels are formed which 
offer increased current density and, of utmost importance, 
halving the typical source-drain dynamic ON resistance of 
the DMOS alternative. Much like DMOS, also a majority- 
carrier semiconductor with no minority carriers by virtue 
of the fact that current flow, in the form of electrons, is 
entirely through the n-type material (the p-channel becom- 
ing inverted by the gate bias), the length of the channel 
plays a critical role in influencing the maximum F-j- that is 
obtainable. Setting aside the deleterious effects of the para- 
sitic elements inherent in any transistor, the calculated Fj 



SOURCE GATE 




for a silicon short-channel device such as either DMOS or 
VMOS approaches 20 GHz! Of course one cannot set 
aside these parasitic elements, and as a consequence, the 
theoretical limits are unattainable. 



Why Use VMOS? 

Like all FETs, whether they be junction or MOS, VMOS is 
a majority-carrier transistor by virtue of the fact that 
electron flow is entirely through n-type material (speaking, 
of course, for an n-channel device; for a p-channel device 
the electron flow would be entirely through p-type material, 
the n-channel having inverted by virtue of the negatively 
biased gate-potential). Consequently, an FET is somewhat 
analogous to an electric field-controlled bulk semiconductor 
resistor, and therefore, has a positive temperature co- 
efficient. That is, as this semiconductor warms, its resistance 
rises. This is directly contrary to any bipolar transistor, for 
its temperature coefficient, by the same definition, would 
be negative. 

All bipolar transistor failure can be traced directly to this 
negative coefficient which contributes to thermal stress: 
secondary breakdown, thermal runaway and current crowd- 
ing. Since both DMOS and VMOS have the opposite 
characteristic under thermal stress, none of these failures 
occur. Consequently, with VMOS one does not experience 
any deleterious effects caused by either paralleling multi- 
ple VMOS power transistors or from severely mismatching 
the load. 
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A Comparison of Similarities Between a Vertical MOSFET and a 
Four-Layer Bipolar Transistor (B). EPI Indicates the Epitaxial Layer 
Figure 1 




Cross Section of a Double-Diffused DMOS Transistor 
Figure 2 
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How to Use VMOS 



VMOS is an insulated-gate MOSFET differing greatly from 
the common dual-gate MOSFET. The typical dual-gate 
MOSFET handles a few milliamperes of drain current 
whereas VMOS can handle amperes. Because of its mass - 
and coupled with mass, a much higher parasitic capacitance - 
there is little fear of an inadvertently blown gate. Because 
of the higher input capacitance, no gate-protection diode is 
necessary for protection in handling. To allay any argu- 
ments to the contrary, in over three years I have not 
experienced any failures stemming from gate puncture 
arising from mishandling. 

VMOS is a Type C FET, an enhancement-mode MOSFET. 
That means it remains fully off when either zero bias or 
negative bias is applied to the non-zenered gate (negative 
bias cannot be applied to a zenered VMOS gate). With 
the application of a positive potential beyond the threshold 
voltage (specified as between 0.8 V and 2.0 V), drain 
current will flow. Once a certain quiescent current is 
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Input and output capacitances of the VMOS 




package. 


LG 


Gate inductance. 


Rg 


Gate resistance. 
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Field capacitance. 
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Capacitance from gate to n-. 
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Capacitance from gate to body. 
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Capacitance from drain to gate. 
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resistance (conductance) which cannot be phys- 




ically realized. 



reached, any further increase in gate voltage results in a 
linear increase in the DC drain current. Biasing VMOS is 
different than biasing bipolar transistors simply because 
VMOS only requires a positive potential to activate drain- 
to-source current flow. A cursory glance at a typical bias 
network might not appear too different but, unlike the 
bipolar transistor which requires a moderate to heavy base 
current, VMOS biasing requires no current at the gate. 
Consequently, the RF isolation between the gate and the 
bias network can be a simple high-value carbon resistor. 
Such a method was used in the video amplifier design 
described in this article, where a 27 KJ2 resistor ties between 
the 4.7 KH voltage divider and the 20 V zener diode. 

Modeling the VMOS VMP4 

The equivalent circuit for the VMOS transistor has been 
previously published and is repeated in Figure 3. This 



RqP Drain resistance of die attach material and package. 

Ldp Drain inductance of package material. 

Lg Source inductance. 

RSP Source resistance. 

Rg n+ diffusion resistance. 

Lq, and Lpp are not intrinsic (that is not part of the 
actual semiconductor element) but represent the package 
parasitic inductances of the Siliconix VMP4. Rq and RsP 
represent resistive losses in both the gate and source metalli- 
zations as well as the lead losses. Cgs differs from Cgn > n 
that the former is the field capacitance existing between 
the gate metal and the n+ source diffusion. 
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The Vertical-MOS VMP4 Circuit Equivalent. Values In Parentheses 
are for this Siliconix Unit. Resistance is in Ohms, Capacitance in pp, 
Inductence in nH and Transconductance is in mmhos. Identification 
of the Elements (left to right) is Tabulated Below. 
Figure 3 
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two-port admittance parameters obtained from the com- 
puter simulation are offered in Table I. For frequencies 
below 100 MHz these values must be considered as approxi- 
mate because the characteristic break-frequency typical of 
all common-source connected amplifiers using FETs and 
MOSFETs was not included in the simulation. However, 
for general design the values in Table I offer the circuit 
designer sufficient accuracy so that, in all probability, little 
or no tweaking of the finished circuit is required for 
optimum performance. 



Hi 




The Simplified Circuit of a Broadband Video Amplifier 
Figure 4 

Designing the Amplifier 

The design goals included the desire to cover 80 through 10 
meters with flat gain, low input and output VSWR, and 
perfect linearity. That is, have the intermodulation products 
as low as possible. To meet these objectives the basic 



flatten the gain response and set the input resistance to 
match 50 ohms. R] and R2 are determined by using the 
following formulas. 




where 

G is the desired stage gain for the amplifier, and 

Gm is the forward transconductance value of the 
transistor expressed in mhos. (Y21 real) 

Manipulating these formulas for R; and R2, values obtained 
were a bit different than easily obtained standard resistor 
values. So Rj was adjusted to 270 ohms (the calculated 
value was only 273 ohms), and R2 to 5 ohms. In the final 
assembly, R2 consisted of six 30-ohm resistors in parallel, 
soldered three to a side from each source lead on the VMP4 
to chassis. 



TABLE I. COMPUTED TWO-PORT Y PARAMETER MATRIX IN MILLIMHOS, VMP4 



Yll Y21 Y12 Y22 
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(Real 


Imag.) 


(Real 


Imag.) 


(Real 


Imag.) 


(Real 


Imag.) 
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0.00 


0.24 


210.58 


-0.30 


0.00 


-0.03 


0.07 


0.25 


2.0 


0.00 


0.48 


210.58 
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0.00 
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0.07 
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0.00 
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0.00 
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2.69 


-3.76 
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64.52 
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29.72 


68.54 
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41.48 


74.52 
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76.52 
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-208.04 


9.04 
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47.97 


76.04 
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45.63 


77.74 


247.61 


-234.10 


11.81 


-2.31 


54.55 


76.29 


380.0 


51.00 


77.81 


238.15 


-260.90 


15.16 


-2.40 


60.87 


75.12 


400.0 


55.76 


76.70 


224.34 


-287.36 


19.10 


-2.93 


66.44 


72.51 
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The next step, which for most amateurs may not be 
possible, is to simulate the performance using a computer- 
ized optimization program, in this case one called COM- 
PACT (Computer Optimization of Microwave Passive and 
Active CircuiTs). For those interested in the details, the 
basic program is offered in Table II and the final analysis 
showing the theoretical performance of the video amplifier 
is given in Table III. If we remember that scattering param- 



eters are reflection coefficients, the values of S\ \ (input) 
and S22 (output) suggest that a reasonably good match Q 
should be possible. The expanded Smith Chart projections I 
in Figure 5 offer easy visualization of the expected results C*> 
across the 2 MHz to 30 MHz bandwidth. The overall 
anticipated performance, taken from Table III data, suggests 
nearly 13 dB forward power gain (S21 ^) and so-so stability 
(K greater than 1.0). 



TABLE II. THE COMPUTERIZED OPTIMIZATION PROGRAM (COMPACT) 



RES 


AA 


SE 


-270.0 


2 


30 














TWO 


BB 


SI 


50.0 


END 
















PAR 


AA 


BB 




1.00 


-6 


20.94 


175.5 


0.005 


85.6 


0.99 


-6 


RES 


CC 


PA 


-5.0 


0.81 


-72 


14.36 


125.5 


0.054 


38.5 


0.81 


-74 


SER 


AA 


CC 




END 
















PR1 


AA 


SI 


50.0 


EOF: 
















END 
























This 


program 


simulates amplifier 


performance 


See 


text. 













TABLE III. COMPUTER PRINTOUT OF THE ULTRALINEAR AMPLIFIER PERFORMANCE 





Sll 


S21 


Sl2 


S22 


S21 


K 


Freq. 


(Magn Angle) 


(Magn Angle) 


(Magn Angle) 


(Magn Angle) 


DB 


Fact. 


2.00 


0.02 -17 


4.26 178.8 


0.159 -0.3 


0.02 -18 


12.58 


1.08 


30.00 


0.10 -79 


4.21 161.3 


0.156 -2.4 


0.10 -82 


12.49 


1.06 



These are polar S parameters in a 50-ohm system. 




These Expanded Smith Chart Projections Offer Easy Visualization 
of the Expected Broadband Amplifier Results Across a 2 to 30 MHz 
Bandwidth. The plot of the Calculated Values for S^ and S 2 2 
is Shown 
Figure 5 
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After adding the proper biasing and voltage-isolating 
capacitors, the final operational circuit emerges as shown in 
Figure 6. Performance is graphically offered in Figure 7. 
Additional measurements include a 1 dB saturation output 
power of 3.7 watts and a spot noise-figure measurement 
of4dBat 30 MHz. 

There is little explanation needed for the constructor. 
Layout is not overly critical. Leads should be kept short, 
in particular for Rj and the batch paralleling R2 which, 
incidentally, should be carbon-composition resistors. The 
heat sink shown is unquestionably an overkill but using 
one equal in size to the copperclad board is a great 
convenience. 



I acknowledge the diligent efforts of my colleague, Larry 
Leighton, WB6BPI. For his contributions to the success of 
this project, I express my gratitude. 
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Schematic Diagram of a Broadband Video Amplifier. T 1 Consists 
of 9-1/2 Turns of No. 30 Enameled Wire Bif ilar Wound on a 
Stackpole No. 57-9130 Balun. Resistance is in Ohms and 
Capacitance is in uF. 
Figure 6 
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Application Note AN80-4 

VHF Power Amplifier Design 
Using VMOS Power FETs 




The goal isn't simply to fit VMOS into a VHF amplifier but 
to first derive a basic equation that will assist us in formu- 
lating a technique to simplify VHF power amplifier design 
when using VMOS. Secondly, we will design a power ampli- 
fier using a real RF VMOS power transistor. This amplifier 
should offer both high fixed gain and a low input VSWR 
across the military communications band of 30 MHz to 
88 MHz. 

i 'IlETtiCC 

Deriving the Formula 

A good VMOS power FET has constant low-frequency 
g m , high input impedance and unusually low feedback. 
Because of these unique features the well-known general 
expression for power gain can be further simplified to pro- 
vide what amounts to a "cookbook" formula for power 
amplifier design. 

The general expression for power gain for any linear 
amplifier is: 



ly 2 ll 2 Re(Y L ) 



!Y L + y 22 l 2 Re( yll -^) 



(1) 



To begin our derivation we first set yi 2 equal to zero and 
the remaining imaginary admittance terms (bn, b21,b22) 
also to zero. Later we'll justify this action. 

It should be noted that within the general expression 
(Equation 1) is the formula defining the input admittance, 
Yj n , of the amplifier. 



yi2 y2i 

Yin = yil — 

y22 + Y L 



(2) 



Since we opted to equate y i 2 to zero, we immediately find 
that Yj n = fit' 0ne design objective is to provide a low 



input VSWR, or in other words a power match, so 

Yj,, = Yg*( source admittance). 

Interestingly, with the reverse transadmittance, yi 2 , set to 
zero, by definition the input admittance is unaffected by 
the load, Equation 1 can be rewritten 



ly 2 ll / Re(Y L ) 



Reprinted front RF Design January, with permission 



IY L + y 22 |2Re(Y S ) 

) Cardiff Publishing Company. 



(3) 
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yyn> - usm' 
Re Y L = 1/R L 

Re(y 2 2)= 1/Rout 
ReY s =l/R s 

where 

Rl is the load resistance; 

Rg is the source resistance; and, 

g m is the forward transconductance of the VMOS power 
transistor. 



which results in: 
Gp= 10 log 

Solving for Rg: 



gm 2 RS 



Rl 



i \ 2 



\Rout Rl/ 



(4) 



10 



Rs = 



Rl 



+ 

\Rl Rout/ 



(5) 



gm^ 



requirements are consiaiu since me iransconuuciance oi me 
VMOS power FET exhibits little change with frequency. 
Very little feedback is required to ensure total stability. 

Because little feedback is required the overall efficiency is 
improved and out-of-band stability is enhanced. 

Because VMOS RF power FET admittance parameters are 
little affected over the operating drain current small-signal 
Y parameters become increasingly useful in establishing 
basic stability criteria for high-power design. 

2. Input Admittance 

A stable quiescent drain current (Irj) regardless of drive or 
operating temperature (Ta) offers a near-constant input 
impedance governed mainly by the input impedance of the 
matching circuit and not by the reflective load impedance. 

3. Gain 

Without benefit of feedback and with a fixed load the 
amplifier offers flat gain across the entire 30 MHz to 90 
MHz bandwidth. Reverse gain exceeds -35 dB. 

4. Power Output 

VMOS Power FETs, exhibiting a constant RoS(On) 
[VDS(sat) = RDS(on) 'd] regardless of frequency, will 
provide a leveled saturated output power. Most importantly: 
they can withstand a 20:1 VSWR at any phase angle. 



where R ou t = 1/Re(y22) (taken from Table I of small 
signal Y parameters). 

Now fixing a resistor, Rs, across the gate-to-source terminals 
of the VMOS FET the gain and input impedance (hence 
source impedance) are set independent of the operating 
frequency within the VHF bandwidth of the amplifier 

Why Get Excited about VMOS Design? 

What with the prospects that power VMOS FETs offer in 
high-frequency amplifier design, one might conclude that 
VMOS is the designer's choice. See what you think. 



5. Noise Figure 

Because VMOS is a bulk semiconductor without the 
bipolar's base-emitter diode it appears that the measured 
small-signal noise figure represents what can be expected 
when used in a power amplifier. 

In addition to these are the now well-known thermally- 
related benefits that VMOS offers: no thermal runaway and 
no current hogging. 

Frequency Contraints 

VMOS FETs possess a finite and frequency invarient input 
capacitance. There is an upper frequency at which this 



TABLE I. TWO-PORT Y-PARAMETER MATRIX IN MILLIMHOS USING DV2880, 28 V, 1.6 A 



Freq. 


Yll 


Y21 


Y12 


Y22 


10.0 


0.2 


10.1 


697.2- 16.0 


0.0- 1.2 


14.9 


8.2 


20.0 


0.7 


20.1 


697.7 - 32.1 


0.0- 2.3 


15.3 


16.3 


30.0 


1.6 


30.2 


698.5 - 48.4 


0.1 - 3.5 


16.0 


24.5 


40.0 


2.8 


40.3 


699.5 - 64.8 


0.1 - 4.6 


17.0 


32.6 


50.0 


4.4 


50.3 


700.8 - 81.5 


0.2- 5.6 


18.3 


40.7 


60.0 


6.3 


60.4 


702.4- 98.5 


0.4- 6.7 


19.8 


48.8 


70.0 


8.6 


70.5 


704.2 - 116.0 


0.5 - 7.7 


21.7 


56.7 


80.0 


11.4 


80.5 


706.2- 133.9 


0.7- 8.6 


23.9 


64.7 


90.0 


14.5 


90.5 


708.4- 152.3 


0.9- 9.5 


26.4 


72.5 


100.0 


18.1 


100.4 


710.6- 171.4 


1.3 - 10.2 


29.3 


80.2 
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frequency response. 

Furthermore, as the frequency rises, y ] 2 should not be 
equated to zero. From Equation 2 y j 2 affects Y m , which, 
in turn, affects Rs which adversely affects mismatch loss. 
The limiting upper frequency is established by the maxi- 
mum permissible input VSWR. 



Into the Design 

Our objective is to design a push-pull amplifier capable of 
at least 12 dB of power gain and outputting 100 W, at a 
drain voltage of 28 V across the 30 MHz to 88 MHz 
band. Input VSWR not to exceed 1 .5. 



The first step is to define the load Mm 
formula 



Rl 



_ [VPD ~ VDS(on)] ' 



2P 



classic 



(6) 



The Siliconix RF VMOS transistor, DV2880, is rated to 
output 80 W minimum at a power gain of 1 dB at 1 75 MHz 
with total dissipation of 160 W. RDS(on) ' s typically 0.5 
ohm. We felt that this represented a comfortable margin 
and selected it for our design. 

A push-pull design establishes that each VMOS should 
supply 50 W minimum if we assume that the matching 
transformers are lossless. With a drain supply of +28 V and 
the estimated peak drain current of approximately 3.6 A, 
we can calculate Vrjg(on) : 

VDS(on) = RDS(on)lD = 5 x 3.6 = 1 .8 V. 

Using Equation 6 the load line is calculated at 6 ohms. 

The most convenient way to establish this load line is by 
using ferrite transmission-line transformers. However, were 
the load line to output port impedance not an integer ratio, 
the match would require a more complicated design effort. 
In this design the 6 ohm load line can be closely achieved 
with the relatively simple combination of a 1 : 1 unbalanced- 
to-balanced balun followed by a 4:1 balanced-to-balanced 
transformer. Together this combination provides a balanced 
6.25-0-6.25 ohms across the drains of the push-pull FETs. 

With the drain load design complete, next establish the 
amplifier's gain and this is done with resistive input loading, 
RS. Having gone through the exercise designing the output 
load we are very close to having the necessary information 
to calculate Rs. All that remains is to select a value for 
Rout [R e ( v 22)] which we take from Table I. To ensure 



,o W 



Rs = 



6.25 



(0.7)2 



\6.25 38/ J 



7 ohms. 



Ideally we would need an input matching structure stepping 
down from 50 to 7 ohms which for this broadband ampli- 
fier would be both costly and unwieldy. Rather than com- 
plicate the design let us opt for a 'near match' by using the 
transmission-line transformer combination 1 : 1/4: 1, 50 ohm 
unbalanced to 6.25-0-6.25 ohm balanced. By not meeting 
the value of Rg (6.25 ohms in lieu of the calculated Rg of 
7 ohms) we will need to reaffirm what gain to expect from 
the amplifier. Using Equation 4: 



Gp= 10 log 



PARTS LIST 



(0.7) z 6.25 



6.25 



+ 

\38 6.25/ 



11.5 dB. 



RFC - Ferroxcube P/N VK200 09/3B 

T 1> T 6 - Two turns of RG-196 A/m 50 coax wound 
on three balun cores placed end on end cores 
are Stackpole P/N 57-0973. 

T2.T3 - Two turns #22 twisted pair, four turns per 
inch, wound on two balun core. Core is Stack- 
pole P/N 57-1503. 

T4,T5 - Three turns of 25 £2 coax wound on 6 torroid 
cores. Cores are configured similar to balun style 
core, three cores per side. Two 50 £2 coax 
RG-196 A/m were paralleled to simulate 25 fi 
coax. Cores are Indiana General P/N F627-8-Q2. 

The Matching Transformers 

For both the input and output balanced-to-unbalanced 1 : 1 
baluns, 2 turns of RG-196 A/m coaxial were wound through 
3 Stackpole balun cores, 57-0973, placed end-to-end. The 
drain load 4:1 transformer was wound with 3 turns of 
parallel-connected RG-196 A/m (for an equivalent 25 ohms) 
through a balun-style core made by using 6 Indiana General 
torroidal cores, F627-8-Q2, 3 cores per side. The input 4:1 
transformer was wound with 2 turns of twisted (4 turns per 
inch) #22 AWG Beldsol 8051 through a pair of Stackpole 
baluns 57-1503, also placed end-to-end. 

Building the Amplifier 

The construction is uncomplicated. Two problems are worth 
mentioning. First, the shunting resistors, Rs, made of 3 
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parallel-wired 2 W composition resistors (R[ and R2 in 
Figure 1) appear slightly inductive and fortuitously help 
compensate for the input capacitance of the VMOS tran- 
sistors at the high end of the passband. Secondly, the input 
matching transformer requires a compensating trimmer 
capacitor, C\. 

CONCLUSIONS 

The performance of the finished amplifier (Figures 2 
through 5) confirms the usefulness of Equation 5 in estab- 



lishing both the desired gain and input VSWR. The latter is 
especially gratifying since VMOS power transistors offer a 
high input resistance across the VHF band. The combined 
loss of the matching transformers amounts to 1 dB. 

In operating the amplifier into a high output mismatch you 
will observe low level spurious oscillations which can be 
effectively removed by adding 1 Ki2 feedback resistors. 
These resistors will not affect gain, gain flatness or input 
VSWR. 

♦Vgs • 1 
10 K 





100 Watt Broadband VMOS Power Amplifier Using Siliconix DV2S80 FETs 
Figure 1 
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Application Note AN80-6 

AGC for the VMOS 
RF Power Amplifier 

The principles, circuitry and test results of AGC action 
on a VMOS 30-90 MHz 100 watt amplifier are detailed 



Oo 
O 



Introduction 

Power VMOSFETs are bulk semiconductors where major- 
ity carriers are controlled directly from a gate potential. 
There is no diode drop between gate and source char- 
acteristic ot the bipolar transistor. VMOS is not inhibited 
by either a low forward or reverse breakdown; conse- 
quently, we are able to achieve considerable dynamic 
range by applying an AGC voltage to the gate of the 
power VMOSFET. 

This paper offers measured data taken on a broad- 
band 30-90 MHz VMOS Power Amplifier which is 
capable of 100 watts output under non-AGC conditions. 

Wide dynamic range capability offers unique features 
heretofore unavailable in RF bipolar amplifier design. 
Furthermore, by the use of special feedback tech- 
niques It is possible to achieve high-efficiency low-level 
AM modulation. 

Principles of AGC 

VMOSFET drain current, l D , is related to the applied gate 
voltage, V GS , by a relationship called the transfer func- 
tion. For VMOSFETs this transfer function may be closely 
approximated as: 

»[v G s-v th ] (U 



In 



where V GS > V th ; and K5 is a constant. 

This is in sharp contrast to the transfer function of both 
JFET and the bipolar transistor, respectively. 



[JFET] l D =K 3 
[BJT] l c =K 4 



V p J 



5 v BE _ 1 



(2) 
(3) 



A plot of (1) overlaid by measured data, as shown in 
Figure 1 shows remarkable tracking. At the low V GS - l D 
levels we see the transfer function decay from linear 
(C-D) to a square law region (B-C) to a sub-threshold 
region (A-B). 




Transfer Curve of VMOS Transistor 
(Theory vs Measured) 
Figure 1 

Since we are not inhibited by narrow breakdown volt- 
age limits between the gate-to-source we deduce from 
Figure 1 that by modulating the gate bias, V GS , we can 
expect a reasonably wide dynamic range. 



Figure 1 should be recognized as the static transfer 
characteristic of VMOS. A dynamic transfer character- 
istic would show saturation at high gate-to-source 
voltages, V GS . Basing our AGC performance on gate 
bias we should see a power curve of similar form. 



Reprinted from r.f. design, Vol 3, *5 (May 1980) p. 7-11 
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The quiescent drain current, l DQ , of the push-pull power 
amplifier of Figure 2 was set at 2.2 amperes with a 
supply voltage of 28 volts. The gate supply voltage was 
6.81 volts. With an input drive level of 8.5 watts the out- 
put power was measured at 100 watts at band center 
(60 MHz). 

As the gate supply voltage decreased the RF output 
power followed suit as is shown in Figure 3. 

Of special note in Figure 3 is that output power can be 
reduced to zero with a negative bias sufficient to over- 
come the self-bias that was caused by the RF drive. 
VMOSFETs are enhancement-mode transistors which 
turn OFF whenever their gate voltage reaches the 
threshold level, V, h . 

During the measurements that gave us the results de- 
picted in Figure 3 the operating drain current dropped 
from 5.4 amperes at an output power of 100 watts to less 
than 0.32 amperes when the output power reached 0.5 
watt and finally to zero at watt output. 

Throughout the entire AGO range the input VSWR re- 
mained unchanged. 

Power Output Versus Id 

The broadband amplifier of Figure 2 performs over a 
1.5 octave bandwidth with reasonably flat gain. Be- 
cause of the usual idiosyncrasies inherent in the 
fabrication of matching transformers, the resulting per- 
formance of the amplifier showed a positive gain slope 
with increasing frequency. 



Fixing a quiescent drain current of 2.2 amperes (by set- 
ting the gate bias at 6.81 volts) and establishing an RF 
drive level of 8.5 watts, the measured performance 
across the 30-90 MHz band is tabulated in Table 1. 

Note from Table 1 that as the drain current increases 
with increasing frequency the power output follows suit. 
This current-power tracking is characteristic of 
VMOSFETs as a result of the linear transfer characteris- 
tics shown in Figure 1. 



Table 1 

Power Output and Drain Current 
vs Frequency 



Freq. 


ID 


pout 


(MHz) 


(A) 


(W) 


30 


4.99 


84 


40 


5.13 


89 


50 


5>25 


95 


60 


5.43 


100 


70 


5.58 


102.5 


80 


5.83 


105 


90 


6.00 


107.5 




100 Watt Broadband VMOS Power Amplifier Output Power vs Gate-to-Source Bias 

Figure 2 Figure 3 
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they are compared against the power output when the 
drain current is allowed to float; that is, when V QS is 
fixed. 

AGC By Id Control 

Since power output can be stabilized by fixing the drain 
current which, in turn can be regulated by gate bias, 
then a feedback mechanism working entirely from the 
DC mains can provide effective AGC action. 

The simple AGC circuit shown in Figure 5 was built 
around the broadband amplifier of Figure 2. The circuit 
sensed drain current variations and adjusted V GS as 
the frequency swept from 30 to 90 MHz. The resulting 
power output was leveled to within ±0.1 dB as shown in 
Figure 6. 

One precautionary note is that this AGC circuit senses 
the voltage developed across a 0.1 ohm resistor. In a 
laboratory environment one must guard that hook-up 
leads to and from the power supplies do not contribute 
to this voltage drop. Otherwise the AGC circuit will 
hopelessly try compensating for these losses. 



Low-level gate modulation would be a natural out- 
growth of this concept. 
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Simple AGC Circuit 
Figure 5 
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What is 
MOSPOWER? 

Ed Oxner 

What is MOSPOWER? 



Vertical Metal-Oxide-Semiconductor Field-Effect Transistors 
uniquely combine the advantages of the power bipolar tran- 
sistor with those of the MOSFET. The result is a high-power, 
high-voltage, high-gain power transistor with no minority- 
carrier storage time, no thermal runaway and a greatly inhib- 
ited secondary breakdown characteristic, all of which are con- 
tributing to the spectacular rise in the popularity of the 
MOSPOWER FET. 

Construction of the MOSPOWER FET 

Within the MOSPOWER FET family there are two basic 
topologies: a low-voltage V-groove structure, commonly 
called VMOS, and a high-voltage double-diffused planar 
structure called DMOS. In their initial stage of fabrication 
both closely resemble the double-diffused epitaxial power 
transistor with an «+ substrate followed by an n~ epitaxial 
into which is first diffused a p and then an n + layer forming a 
4-layer structure. 

One distinguishing feature of VMOS, as shown in Figure 1 , is 
the anistropically-etched V-groove cut normal to the surface 
that extends through both the n + , p and penetrates slightly 
the n ~ epitaxial region. By virtue of this V-groove easy access 



is provided for the gate to overlay the /j-diffusion which acts as 
the current conducting channel. 

DMOS resembles planar topology even though the drain cur- 
rent path penetrates through the n~ epitaxy and the n + 
substrate to the backside contact. The current path through 
the p diffusion channel is established exactly as it is for the 
VMOS structure. A positive gate potential (for an n-channel 
MOSPOWER FET) inverts the p-channel and the resulting 
electron-enhanced n-channel, extending from the n + source 
to the n~ epi, offers an uninterrupted, low resistance current 
path devoid of the thermal properties associated with the 
typical bipolar transistor. 

Another distinguishing feature is the electrical bonding of the 
uppermost n + diffusion (source) to the p diffusion (body). In 
the bipolar model this would tie the base to the emitter; for the 
MOS model it ties the source to the body. Without this elec- 
trical bond there would exist a parasitic 4-layer npn bipolar in 
parallel with the MOSPOWER FET thus masking the benefi- 
cial features with the problems encountered with bipolar tran- 
sistors. However, with this electrical bond, a source-drain 
parasitic diode appears in parallel with the MOSPOWER 
FET. 
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The "Beneficial" Parasite — The Body-Drain Diode 

All power MOSFETs, irrespective of topology (or tradename) 
have a body-drain pn junction that appears in shunt with the 
channel as shown schematically in Fig. 2. Fortunately, by vir- 
tue of the polarity of this parasitic diode, performance is vir- 
tually unaffected under normal operation. This parasitic is of 
mixed blessing; on the one hand, a parasitic element is unde- 
sirable from an aesthetic viewpoint, but practically speaking, a 
reverse polarity diode intrinsic to the FET structure becomes a 
useful snubbing diode when the power FETs are arranged in a 
totem-pole configuration such as in motor control applica- 
tions. If, however, the power FETs are to be used as low 
resistance analog switch gates then care must be taken to ar- 
range their polarity to achieve high OFF isolation, as shown in 
Fig. 3. For detailed application information the reader is en- 
couraged to review Application Note AN77-2 "Don't Trade 
Off Analog Switch Specs." 



Schematic Representation of VMOS 
Showing Body-Drain Diode 
Figure 2 




Figure 3 



The vertical MOS structure, like the power bipolar transistor, 
offers a large surface area for source metal and the entire 
backside of the chip for the drain. This is of great importance 
as it allows maximum current carrying capacity unavailable to 
a nonvertical structure. 

Early in the history of power MOSFETs some indecision ex- 
isted relative to the need of static gate protection and for a 
short time lower power MOSFETs were found with zener gate 
protection. Although highly recommended for small-signal 
MOSFETs, power MOSFETs with substantial gate-to-source 
capacity do not need alternative means for static protection. 

The absence of the zener offers considerable freedom. Where 
before, with the zener-protected gate, the user was cautioned 
never to allow the gate polarity to reverse (swing negative for 
an n-channel MOSFET), now without the zener the gate is free 
to swing as far as its breakdown rating in either polarity. 



Controlling the MOSPOWER Transistor 

Operationally, MOS is unique among power transistors. 
Channel conduction is proportional to gate voltage, not to any 
sort of injection current, typical of the bipolar transistor. 
Whatever input current that does exist beyond that attributed 
to leakage may be identified as the charging current necessary 
to overcome the input capacitance in very high-speed switching 
situations. Because the steady-state gate current is negligible, 
the familiar parameter, Beta, is of little importance. Conse- 
quently, MOS exhibits a high input resistance that makes it 
ideal for many logic control applications. 

Gate-Source Breakdown 

Some confusion exists with respect to the maximum allowable 
gate-to-source voltage a power MOSFET can safely handle. It 
is seldom equal to the absolute maximum drain-gate voltage. 

Several operating parameters of the power FET— among them 
the gate control voltage— depend upon the oxide thickness 
that separates the gate from the bulk semiconductor: the 
MOSFET structure itself. To achieve control with reasonable 
voltages the gate to source voltage— predicated by the oxide 
thickness— is limited to ±30V. 

This means that if the power FET is perched atop a high- 
voltage rail, such as the uppermost device in a totem-pole con- 
figuration, you must be careful to keep the gate voltage within 
the safe limits with respect to the source of the same FET. This 
same precaution also applies for some source-follower applica- 
tions and for many gating applications especially when the 
source is riding on a rail voltage in excess of 30V. 

There are a variety of procedures for driving a power 
MOSFET sitting high above the safe operating voltage limits 
and the reader is encouraged to review Application Notes 
AN79-4, "Driving the MOSPOWER FET," AN80-1, 
"MOSPOWER FETs— A Key to the Advancement of SMPS 
Technology." 

MOS as a Switch: Turning it ON 

Driving MOS from logic requires an appreciation of the gate 
drive power needed to actuate, or turn on, the MOS power 
transistor. First, the driver must be able to deliver sufficient 
current during the transition (from off to on) to adequately 
charge the input capacitor in the desired time. Two familiar 
equations show that to achieve a high speed switch driving the 
gate from a low impedance, high current source is certainly 
desirable. 

t = 2.2 Rg • Cjn 
i = Cin dV/dT 
*g = 

Ci n = input capacity 
dV/dT = rate of voltage change 
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As this driving voltage ramps upward another phenomenon 
occurs called Miller effect. Once the threshold voltage of the 
MOS transistor is passed it begins to draw increasingly heavier 
drain current. In Figure 4 the rapid use of drain current with 
respect to the gate voltage is clearly illustrated. As the drain 
current rises, the transconductance rises rapidly to saturation 
as shown in Figure 5. Concurrent with this rise in transcon- 
ductance is a proportional rise in gain and the once low feed- 
back capacitance now swells to enormous proportions appear- 
ing as an addition to the input capacitance. 

On = c iss + + A v )C g d 

where Cj ss = common-source input capacitance 

Cgd = gate-drain capacity 

A v = voltage gain 

If the driver is deficient in its reserve of drive current the MOS 
transistor's switching speed suffers and the waveform shown 
in Figure 6 is the inevitable result. On the other hand, if the 
driver can deliver the required charging current the switching 
speed is determined solely by just how fast the driver can 
deliver. 

Turning the Switch OFF 

Turn off is another story where the MOS power transistor 
outperforms its equivalently-rated power bipolar transistor. 
MOS, a majority-carrier transistor begins to turn off immedi- 
ately upon the removal of gate voltage. Again the speed is 
limited by the rate of discharge of the input capacitor through 
the driver. For ultra-high speed switching special charge 
transfer circuits are recommended for dumping current both 
into and out of the MOS gate. Upon the removal of the gate 
voltage the MOSPOWER FET 'shuts down' (a fail-safe 
feature?), the resistance between drain and source rises to a 
very high value and whatever current flow that remains is 
limited to leakage. This, of course, precludes that the break- 
down voltage is not reached. 



The Characteristics of MOS 

Closer examination of Figure 1 reveals that MOS, unlike the 
conventional low power MOSFET, has a very short channel 
where, as the drain-source current flow increases, electron 
velocity saturation results. The consequences resulting from 
this velocity saturation are three-fold: the output character- 
istics assume a constant-current plateau, the forward transcon- 
ductance saturates and, most important, a linear transfer char- 
acteristic results. All of these effects are shown collectively in 
Figures 4, 5 and 7. 

The Importance of Threshold Voltage 

As an enhancement-mode MOSFET, we see what appears as a 
delayed turn-on when a voltage ramp is applied to the gate. 
This apparent delay is, in reality, caused by the threshold 
voltage level, below which the channel remains nonconducting 
and above which drain current begins. A logic-compatible 
MOS is one whose threshold voltage is set so that in the low 
state [0] the MOS is oXfand in the high state [1] the MOS is on. 
It is important to note that a low threshold voltage is 
undesirable for high power MOS devices for a number of 
reasons. High power MOS transistors generally operate at 
higher chip temperatures for optimum efficiency. Since 
threshold is temperature dependent (a coefficient of approxi- 
mately -5 mV/°C) a high threshold is mandated to assure 
operation in the enhancement region. Furthermore, high- 
power devices have large input capacitance which necessitates 
a substantial drive. The wisdom of a high threshold precludes 
the possibility of driver noise causing false triggering of the 
MOS. This noise immunity is especially important when work- 
ing in switching power supplies and motor control applica- 
tions. 
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Transfer Characteristics of VMOS 
Showing Linear Id/Vqs Relationship 
Figure 4 



Transconductance vs Drain Current 
Figure 5 



Effect in Input Waveform When 
Miller Effect Loads Driver Excessively 
Figure 6 
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positive temperature coefficient of 0.6%/ °C. 



the current flow. 



The benefits from this unique thermal property are twofold. 
MOS offers an exceptionally stable SOA (safe operating area) 
in comparison to equivalently-rated power bipolar transistors 



Always be careful to keep MOS power transistors within their 
operating temperature limits. If heat sinks are advisable, use 
them. 
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Output Characteristics of VMOS 
Figure 7 



Typical Safe Operating Area 
Comparison Between MOS and Bipolar 
Figure 8 
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Application Note AN79-6 

Using Power MOSFET Transistors to 
Interface from IC Logic to 
High Power Loads 



VMOS transistors are an ideal element to interface power 
loads to integrated circuit logic. Although circuit design is 
simple, there are a few rules and precautions to observe in 
order to minimize power dissipation and to have reliable 
operation, which are not obvious at first glance. 

Topics considered are (1) the nature of the load, (2) general 
driving requirements of VMOS, and (3) the output char- 
acteristics of the logic element. 

LOAD CONSIDERATIONS 

Freedom from second breakdown limitations makes driving 
highly inductive or capacitive loads a natural application 
for VMOS. Inductive loads include transformers, solenoids 
or relays. High current inrush loads such as incandescent 
lamps, pulse forming networks, and motors also are gener- 
ally handled easily. Some attention must be given to the 
load characteristics, however. 

In common with bipolar semiconductor devices, VMOS 
transistors can be damaged if their voltage ratings are ex- 
ceeded. Although their avalanche energy capability is much 
better than that of bipolar transistors, it is not good design 
practice to have the VMOS absorb inductive energy unless 
the part is rated for this type of service. The spikes generated 
from inductive loads may have tremendous energy content 
and usually some means of limiting their amplitude must be 
provided. 

In addition the transient power generated during the turn-on 
and turn-off intervals must be determined in order to check 
for excessive channel temperatures. Highly inductive loads 




may generate significant power on turn-off, whereas capac- 
itive-like loads cause power surges on turn-on. The power 
waveform should be obtained, a suitable rectangular model 
derived, and peak junction temperature computed using 
techniques discussed elsewhere0>2). This calculation 
is especially important for incandescent lamp and motor 
loads as their current surges last from tens to thousands of 
milliseconds which causes a significant surge in the tem- 
perature of the VMOS power driver. 

Inductive Loads 

Usually with inductive loads the peak voltage spike should 
be limited to a value below the breakdown rating of the 
transistor. Three techniques are commonly employed: free- 
wheeling diodes, peak clipping and snubbing. Typical cir- 
cuits are shown in Figure 1. 

The spikes caused by most electromechanical inductive 
loads such as solenoids or relays are effectively handled by 
the free-wheeling diode in part (a). The low impedance 
of the diode usually causes the current to have a long decay 
time, however, which may be intolerable in some applica- 
tions. Speed may be traded for overshoot voltage, by using 
a resistance, R, in series with the diode( 3 >. 

The free-wheeling diode may be an inexpensive rectifier 
such as the 1N4002. However, junction rectifiers do exhibit 
a turn-on transient which may allow excessive overshoot if 
the VMOS transistor is being driven off rapidly. For high 
speed switching, a Schottky or low voltage ion-implant 
rectifier is required; the ordinary fast recovery rectifier 
does not have a fast turn-on time. 




la) Freewheeling (b) Zener Diode Clipper (c) R-C Snubbing 

Diode Clipper 

Methods of Limiting Inductive Spikes 
Figure 1 



Often the safest and least expensive limiting technique is to 
use a zener diode as shown in part (b). The zener responds 
in picoseconds and can protect the VMOS from supply 
transients as well as the inductive spike; consequently, zener 
limiting is particularly attractive on raw power buses. In a 
manner similar to using a resistor in series with a free- 
wheeling diode, faster decay of load current is achieved by 
clipping at a level above the supply voltage. 

The R-C snubber is commonly used in power conversion 
circuits to limit spikes caused by transformer leakage in- 
ductance and wiring inductance. It also reduces power 
dissipation by shaping the load line to appear more resistive. 
Resistor R, in series with the capacitor, is required to limit 
the current surge on turn-on (a good idea even when VMOS 
is used) and to insure that the circuit is adequately damped. 
Since the circuit is basically a resonant tank, it will exhibit 
a damped oscillation unless the circuit Q is 1/2 or less. 
Values are usually empirically determined. The peak voltage 
across the network will not exceed that calculated using the 
energy relationship: 1/2 LI 2 = 1/2 CV 2 . Solving for the 
voltage, it is found that 

v = iVl/c 

The resonant frequency can be calculated from the usual 
relationship and R selected so that Q ~ 1/2 by using 

R = 47tfL 

The equations and experience indicate that larger values of 
C lower the peak voltage and resonant frequency and 
consequently the resistor R also must be reduced. An 
optimum value exists for a given L-C combination which 
results in minimum overshoot. Another consideration is to 
minimize the power dissipation in the transistor; various 
techniques are discussed elsewhere( 4 .5). 

Capacitive and High Inrush Loads 

Usually no auxiliary circuitry is required with capacitive- 
like loads. Although VMOS has no failure mode akin to 



LOAD ^ 



PEAK 
DISSIPATION 

tal 



secondary breakdown, it is necessary to observe the safe 
area curves of the VMOS transistor in order to avoid ex- 
cessive temperature excursion during current inrush. When 
inrush power is excessive, usually increasing the gate drive 
will reduce it and may hold it within bounds. A lamp 
circuit and waveforms are shown in Figure 2. 

Figure 2.1 illustrates the typical transient current, voltage 
and transistor dissipation of an incandescent lamp load being 
driven by a VMOS circuit that is not drive limited — it can 
supply all the current that the load demands while main- 
taining operation in the ohmic region. Under these condi- 
tions, the output voltage quickly swings from its off state 
(Vi) to on state in a time dictated by the transient gate 
drive current and the VMOS capacitances. The peak current 
is a function of the lamp's cold resistance and decays quasi- 
exponentially as the lamp filament heats and resistance 



The transistor dissipation waveform is similar to the power 
waveform of Figure 2.1(c); this can be equated to the 
rectangular power pulse of 2.1(d) to simplify peak and 
average power calculations. 

The case where the power transistor is drive limited (where 
it cannot supply all of the peak current that the load 
demands) usually - but not always — results in greater 
transistor dissipation. This is illustrated in the transient 
waveforms of Figure 2.2 where the peak current is much 
less than in the previous example, but also where transistor 
operation does not enter the ohmic region initially during 
the switching transition. The resulting power dissipation 
pulse is greater and may be destructive. 

VMOS transistors make ideal drivers for incandescent lamps 
because they can handle high current surges without failure 
caused by secondary breakdown. Lamp drivers may need to 
handle two types of surges, cold resistance inrush and 
flashover. 



• 
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2.11 Current Determined 
bv Load 

Waveforms When Driving an Incandescent Lamp, High 
Inrush Loads Develop Similar Waveforms 
Figure 2 



2.21 Current Limited 
by Gate Drive 
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Cold resistance inrush occurs on all lamps during turn-on; 
the peak is between 12 and 18 times the steady state 
current. Furthermore, the inrush current may be from 2 to 
5 times rated current 5 milliseconds after power application. 
The inrush depends somewhat upon the lamp's design and 
the cold temperature of the bulb, which in turn is de- 
pendent upon the lamp's operating duty cycle and ambient 
temperature. Since the turn-on surge is a repetitive transient, 
for maximum VMOS reliability, it is usually desirable to 
have sufficient gate drive to place the operating point in the 
ohmic region during the surge in order to minimize VMOS 
power dissipation. 



The flashover surge occurs during failure of a gas-filled 
lamp. (All lamps over 60 watts designed for 120 or higher 
voltage lines contain some gas for improved efficiency and 
life). As the filament burns out, an arc is developed causing 
an extremely high surge on the order of 80 to 200 amperes 
with a baseline of 2 to 4 milliseconds. Coping with this 
surge is a real problem for the circuit designer when bipolar 
devices, such as junction transistors or thyristors, are used. 
If a device rated adequately for the steady state and inrush 
current is used, the flashover surge will cause failure. If a 
device rated to handle the flashover is used, cost is usually 
out of bounds because the device ratings far exceed those 
required for normal use. Semiconductor fuses can be used, 
but these are quite expensive. With VMOS power devices, 
the flashover surge will not cause failure even though the 
junction temperature may momentarily exceed its rating. 



Driving Grounded Loads 



the reverse resistance of diode Dj, so that it becomes un- 
practically large if the load must be held on more than a 
few seconds, unless a strobing technique is used as discussed 
in the following paragraph. However, many loads, such as 
hammer drivers in high speed printers, are actuated for 
under a millisecond so that capacitors in the range of 0.1 juF 
are adequate. In cases when the load is a solenoid, it may 
be permissible for the VMOS to come out of the ohmic 
region as a result of a partial loss of gate drive after the 
solenoid has pulled in, because the hold-in current is very 
low. However, the power dissipation of the VMOS may in- 
crease significantly unless the drop in gate drive reduces 
drain current to a rather low value. 

When the load must remain actuated at full power for a long 
period of time, a pulsed signal may be applied to the drive 
circuit instead of a DC level. When load current is to 
flow, the driver is off, except for occasional brief on 
periods during which the VMOS source voltage drops to 
ground allowing C to recharge to Vp]j. The source for this 
strobe signal could be a system clock signal or the AC line. 
The higher the pulse repetition frequency, the smaller C 
may become, but C should usually be at least ten times the 
Cj ss of the VMOS device to avoid transferring more than 
10% of the charge on C to the VMOS gate during turn-on. 



GENERAL DRIVING CONSIDERATIONS 

Regardless of the type of logic or network used to drive a 
VMOS transistor, consideration must be given to VMOS 
properties such as: 



In many cases, the load is connected to ground and cannot 
be arranged as shown in Figures 1 and 2. Driving a grounded 
load forces the VMOS to be used in a source follower 
circuit. The difficulty with a follower is that, to keep the 
VMOS in the ohmic region with a large drain current flow, 
the gate must be about 10 volts above the source potential, 
which is only slightly lower than the supply. Therefore, 
the gate drive voltage must come from a voltage source 
which is about 1 volts above the supply voltage. If such a 
voltage is available, no significant problem exists other than 
insuring that the driver circuit has a sufficient voltage 
rating. When no fixed voltage source is available, it may be 
generated using the bootstrap technique. 

A bootstrap circuit is shown in Figure 3. Operation is as 
follows: when the driver bipolar is on, the gate potential is 
near ground and the VMOS is off. Capacitor C is charged to 
Vrjp through the load and diode Dj. When the driver goes 
off, the gate voltage rises, turning on the VMOS transistor 
which raises the source potential. If C is many times larger 
than the input capacitance of the VMOS, it acts as a voltage 
source in series with the VMOS source terminal potential, 
thereby providing a gate-source voltage close in value to 
Vdjj. The capacitor C will lose charge with time through 



1 . The input protection zener diode 

2. The high frequency response 

3. The capacitive input impedance 
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The input protection zener diode integral with some devices 
places restrictions on the drive levels. The positive voltage 
on the gate with respect to the source should not exceed 
the maximum voltage rating of the zener diode nor should 
the zener become forward biased by allowing the gate-to- 
source voltage to become negative. 
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Driving Loads Connected to Ground by Using Bootstrapping 
Figure 3 
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BVcuo of a transistor. Above a few hundred micro- 
amperes, the voltage may switch from, for example, 20 
volts to 8 volts. The lower voltage will limit the amount of 
current available from the VMOS transistor and excessive 
dissipation in the zener and drive circuitry may occur. 




A Parasitic npn Transistor in Zener Protected MOSFETS 
Figure 4 

If the drive circuit can cause a negative gate-source voltage — 
a common situation with a source follower driving a 
capacitive load - the bipolar becomes turned on in the 
forward direction causing a flow of current from the drain 
terminal to the gate terminal. Damage to the device from 
excessive current may result if the impedance of the current 
loop is very low, but this is usually not a problem unless 
the drain-source voltage is high enough to cause the bipolar 
to operate in a BVcEO(SUS) mode. Since the BVyjss 
rating of the FET is essentially the BVr^go rating of the 
bipolar, BVfEO(SUS) ' s approximately one half of BVrjsg. 
Consequently, a second breakdown failure of the zener 
bipolar may occur when the drain-source terminal voltage 
exceeds one half of BVrjsS- 'f negative gate voltages are 
unavoidable a VMOS part that does not have an input 
zener diode should be used. 

The carrier transit time through the channel is under 1 ns 
for most VMOS structures resulting in cut-off frequencies 
on the order of a gigahertz. Consequently, very fast switch- 
ing is readily achieved, but parasitic oscillations can be 
troublesome if certain precautions are not observed. 



terminal or use a resistor of 10 to 1000 ohms in 
series with the gate. 

3. Avoid a layout which may couple output signal to 
the input. 

4. Surround the VMOS transistor with a ground plane 
and shield output from input. 

Since VMOS gate input resistance is essentially infinite, 
many VMOS transistors can be driven from a CMOS or TTL 
output. However the input impedance of VMOS is capaci- 
tive and the drain current essentially follows the voltage on 
the gate. Although switching speed, per se, is not important 
when driving a lamp or electromechanical load, the limited 
transient current available from the logic element may result 
in switching slow enough to cause significant transient 
power dissipation, particularly when a number of VMOS 
stages are being driven in parallel. Accordingly, a transient 
analysis of some sort is usually required. 

A fairly simple, yet quite accurate analysis is to use a charge 
control approach as described by Evans and Hoffman(6). 
For any particular time interval, 



At = 
where 



( AVQSHCin ) 
IG 



AVgs is the gate-source voltage change 

C; n is the effective input (gate-source) capacitance 

IG is the average gate current during switching 

(all values must be determined for the time interval of 
interest). 

Table I shows the appropriate quantities to use in the 
equation. For completeness, turn-on and turn-off delay 
relations are included, but these intervals are rarely of 
interest in power circuits. However, dissipation may be a 
problem during rise and fall time. 



TABLE I. PERTINENT SWITCHING RELATIONSHIPS 



Interval 


Symbol 


Gate Voltage Change 


Capacitance 


Turn-On Delay 


t d (on) 


VG(TH) - VG(off) 


Qss 


Rise Time 


H 


VG^'Dl(on)-VG(TH) 


c- + AVDS c 
1SS av gs rss 


Turn-Off Delay 


td(off) 


v G(on) - V G @ I D2(on) 


Qss 


Fall Time 




V G @ lD2(on) - Vg(TH) 


c + AVDS c 

mss T . , , >-rss 
AVgs 



Capacitance values used are the average values as Vq varies 
over the ranges shown for the time interval of interest. 
Appropriate Vjjs values must also be used to determine the 
capacitance. Key Vgs points are: 

Off state gate voltage prior to turn-on 

Threshold gate voltage 

Vg corresponding to the peak value 
of drain current for capacitive or re- 
sistive loads or the value of drain 
current when the drain voltage enters 
the ohmic region for inductive loads. 

On-state gate voltage prior to turn-off 

Vq corresponding to the value of 
drain current flowing prior to turn- 
off. 



VG(off) 
VG(TH) 
v G @I Dl(on) 



VG(on) 

VG @ lD2(on) 



Driving From CMOS Logic 

The widely used CMOS logic elements are ideal for direct 
coupling to VMOS power transistors because CMOS can 
operate with supplies up to 15 volts, a level which provides 
ample drive for VMOS. Since VMOS switching speed and 
transient load handling capability is related to the output 
impedance of the drive source, a brief examination of the 
CMOS circuit follows. 

All CMOS circuits usually have an output configuration as 
shown by the inverter of Figure 5. The inverter consists of 
a p-channel MOSFET connected in series with an n-channel 



+V1 




CMOS Inverter 
Figure 5 




FET (drain-to-drain) with the gates tied together and driven 
from a common signal — hence, the name CMOS (com- 
plementary MOS). When the input signal goes positive (+V), 
the p-channel FET is essentially off and conducts only 
'DSS (picoamperes). The n-channel unit is forward biased 
but since only IQSS ' s available from the p-channel, Vrjg 
is very low. Conversely, when the input goes low (zero), the 
p-channel device is turned full on, the n-channel device is 
off, and the output will be very near +V. Since the current 
(without a load) is extremely small, the inverter dissipates 
almost no power in either stable state; the only dissipated 
power of consequence occurs during the switching transi- 
tions as capacitances are charged. Due to the extremely 
high input impedance of VMOS, the CMOS gate has the 
capability of interfacing with many VMOS power transistors 
when only static conditions are considered. 

The DC resistance between drain and source when the 
device is turned on is generally labeled "ON resistance, 
RON" or r DS(on)- However the CMOS gate has a limited 
output capability determined by the gain of the n and p- 
channel devices. Equivalent circuits of the CMOS output 
are shown in Figure 6. 

A look at the characteristic curves of CMOS transistors will 
provide insight into the dynamic driving source impedance 
presented to the VMOS gate. Figure 7 shows the character- 
istic curves of n-channel and p-channel enhancement mode 
transistors typically found in CMOS circuits. Referring to 
the curve of Vgs = 15 V (gate-to-source voltage) for the 
n-channel transistor, note that for a constant drive voltage 



(a) Sourcing Current 



n CHANNEL 

(b) Sinking Current 




CMOS Source/Sink Capabilities 
Figure 6 



Transistor Output Characteristics 
of a CMOS Inverter 
Figure 7 
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Vq§, the transistor behaves like a current source for drain- 
to-source voltages greater than Vqc — Vj (Vj is the thresh- 
old voltage of an MOS transistor — on the order of a volt or 
two). For a Vrjg below Vq§ — Vj, the transistor behaves 
essentially like a resistor. Similar curves are obtained for 
lower values of Vgs except that the magnitude of the 
current is significantly smaller and, in fact, Ifjs increases 
approximately as the square of increasing Vqs- The p- 
channel transistor exhibits similar, but complemented, 
characteristics with less gain and a more gradual transition 
from a current source to a resistor. 

When driving a capacitive load the initial voltage change 
across the load will be a ramp due to the current source 
characteristic, followed by a rounding off due to the re- 
sistive characteristic dominating as Vfjg approaches zero. 
For fastest turn-on and therefore lower dissipation in the 
VMOS transistor, the peak output current should be 
achieved while the CMOS inverter is operating in the con- 
stant current mode. To accomplish this, the maximum 
current from the VMOS is that which corresponds to a Vq§ 
that is a few volts below the CMOS supply voltage, Vi. 
From Figure 7, note that operating the CMOS driver at 
higher VqC w 'U nave a profound effect on VMOS switching 
speed because the CMOS output current increases roughly 
as the square of Vqs and the voltage where rounding occurs 
has been pushed to a higher level. 

Therefore, the optimum interface from CMOS to VMOS is 
shown in Figure 8. In this configuration, the turn-on 
current is supplied from the p-channel FET which has the 
poorest characteristics of the CMOS pair, but when oper- 
ating at 15 volts, serious rounding of the VMOS gate wave- 
form can usually be made to occur at a level above that 
required to handle the load current. The turn-off current 
is supplied from the n-channel FET; it maintains good drive 
capability down to the threshold voltage of the VMOS gate 
which minimizes tailing of the VMOS drain current. 
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Driving VMOS with a CMOS Gate 
Figure 8 



Driving from TTL Logic 

The lower logic levels used in TTL make it much less 
satisfactory than CMOS for direct coupling to VMOS; how- 
ever, TTL can be directly coupled to VMOS when lower 
output currents are required, or some additional circuitry 
can be added to make the match more universally applicable. 
The coupling problems are readily appreciated by analyzing 
the output circuit of TTL. 



Figure 9 shows the totem pole output circuit configurations 
commonly used in TTL. When the driver is off, the output 
is high, however, the output is slightly over two diode drops 
below the supply voltage for either configuration. Since the 
nominal supply is 5 volts, the output is approximately 3.5 
volts, a level too low to fully utilize a VMOS transistor. 




(a) Medium-Speed TTL 
Output Configuration 
(5400/7400 Families) 



(b) High-Speed TTL 
Output Configuration 



Basic TTL Output Configurations 
Figure 9 

When the driver is on, the lower output transistor is also 
on; the output is low, on the order of a few tenths of a 
volt. The low level is satisfactory to ensure VMOS cutoff, 
in most cases, but the high level needs to be raised. 




Driving the VMOS 
With Standard TTL 
Figure 10 

A method of boosting the TTL output level is shown in 
Figure 10. The external resistor allows the full supply voltage 
to be applied to the VMOS gate, but in doing so, the TTL 
output transistor becomes cut-off as the level increases 
above 3.5 volts. Consequently the high drive capability and 
low output impedance of TTL is not effectively utilized, as 
the drive to the final value of gate voltage must come 
solely from the pull-up resistor. To maintain a reasonably 
fast rise time, it is necessary to limit the peak drain current 
to the value obtained for a particular VMOS type when the 
gate voltage is at 3.5 volts: the additional 1 .5 volts is used 
as overdrive to place the operating point in the ohmic 
region. 
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Full utilization of VMOS transistors is achieved with open 
collector TTL as shown in Figure 11. The open collector 
circuits do not have the top transistors and the lower 
transistors are designed to be used with supplies up to 15 
volts. The VMOS rise time is now mainly dependent upon 
the external resistor used. For fast rise time, the lower 
resistance values required may cause objectionable dissipa- 
tion when the TTL output is low; use of the circuit of 
Figure 12 will provide high speed and low dissipation. It 
essentially restores the totem pole output to the TTL 
circuit using an external high voltage transistor. Since the 
bipolar transistor does not saturate, a general purpose 
transistor with a high fj- will provide fast drive signal to 
the VMOS gate. 



tv 




Open Collector TTL is Used 
to Provide Greater 
Enhancement Voltage 
Figure 11 




A "Totem Pole" Driver I ncreases Switching Speed 
and Reduces Dissipation 
Figure 12 



SUMMARY 

VMOS power FETs can easily interface power loads to 
integrated circuit logic. Spikes from inductive loads usually 
must be limited to a level below the breakdown voltage of 
the VMOS transistor. High inrush, capacitive-like loads 
usually require high gate drive to place operation in the 
ohmic region during inrush. 

To avoid deleterious operation and insure fast switching, 
consideration must be given to the VMOS input protection 
zener diode — if present - and capacitive input impedance. 
Direct coupling to CMOS is usually very satisfactory if the 
IC supply is 10 to 15 volts. With T 2 L, open collector 
elements are usually required to obtain sufficient gate 
voltage for the VMOS. 
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Dynamic Input Characteristics of 
a MOSPOWER FET Switch 



INTRODUCTION 

The driver-power requirement for a MOSFET switch is a 
function of how fast we want to turn it ON and OFF. 

The DC input resistance of a MOSPOWER FET is in excess 
of 10 12 ohms. When used as a switch, the power required 
to keep it ON or OFF is negligible. However, energy is 
required to change it from one state to the other. The turn- 
ON and turn-OFF speeds will determine the input power 
requirement. 

If the FET equivalent input capacitance, Ci n and the 
change in V gs are known, the required energy can be 
estimated: 

W = 1/2 C in ^V gs 2 watt-seconds (1) 

Cj n is a function of Vg S and V(j s . During switching it 
changes during the transition from the ON state to the 



OFF state. Typically the capacity characteristics speci- 
fied on the FET data sheet are given for a fixed bias con- 
dition. This may present a problem in trying to estimate 
Cj n for the above energy equation. 



A better method is to determine the gate charge, Qg, as a 
function of Vg S . The difference in Qg for the ON state 
and the OFF state will give the energy required to make 
the change: 

W = 1 /2 ( AQg) (AV gs ) watt-seconds (2) 

Figure 1 shows V gs vs Qg characteristics of a VMOS type 
VN64GA. These curves were obtained by using a switched, 
constant-current drive for the gate. 




VMOS Input IV gs ) and Output (V ds ) 
Characteristics 
Figure 1 
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The curves for V[)D = 60 v0 " s a,e reproduced in Figure 2 
for further discussion. Three regions are obvious on the 
input characteristic curve. In region 1 Vg S is below thresh- 
old and the FET is OFF. In region 2, as Vg S exceeds Vgi, 
drain current begins to increase until, at Vg2, V(j s satura- 
tion is reached, in region 3 V<j s is saturated and no further 
change in Id or Vd s occurs. 




2000 4000 6000 8000 10.0 
Qg - GATE CHARGE (PICO COULOMBS) 

VMOS Input and Output 
Characteristics 
Figure 2 



Capacitance in region 1 is fairly constant as indicated by 
the constant slope. Its value is approximately: 



2450 pC 
3.8 V 



(3) 



= 645 pF 



In region 2, Cj n increases because the FET begins to turn 
ON and V(j s begins to change, thus increasing the rate 
of change of Vgd. The MILLER EFFECT on Cgd causes 
Cj n to increase. This effect stops after the device is fully 
ON and V(j s ceases to change. The approximate capaci- 
tance in this region is: 



C in(2) 



. Qg2-Qgl 
" V g2- V gl 

(6250- 2450) pC 
(5.1 -3.8)V 



(4) 



2923 pF 



In region 3 Vd s is saturated at a low value and is no longer 
changing. The FET channel is ON and Cj n is higher than it 
is in region 1 , but not as high as in region 2. No MILLER 
EFFECT is occurring. The characteristic shows: 



AQ„ 

C in(3) = -777^-= 875 P F 



AV 



(5) 



gs 



Cjn(l) 2nd Cj n (3) correspond to Cj ss , and are approxi- 
mately equal to Cg s + Cgd- They differ in magnitude 
because of the differences in Vdg in regions 1 and 3. 
Figure 3 shows the bias conditions for Cg S and Cgd at the 
end of region I (Vg S = Vgi) and at the beginning of region 
3 ( v gs = v g2) < we assumed Vd s ( sat ) ~ 0.5 V). 



Bias condition at end of region 1 




2 



Bias condition at start of region 3 



4 6 V 



Bias Conditions for C g( j, C gs and C|j s 
Figure 3 



There is a large change in the bias on Cgd- In region 1 the 
drain area under the gate is depleted of carriers, thus Cgd 
is greatly reduced. In region 3 the drain region under the 
gate is flooded with carriers because the device is ON, 
thus is much greater. Figure 4 shows the characteristic 
Qd g vs Vgd for a typical VN64GA. 




V dg - DRAIN GATE VOLTAGE IVOLTS) 



Gate-Drain Capacitance 
Characteristic 
Figure 4 



The typical Cj ss given in the VN64GA specification sheet 
is 640 pF. This agrees with Cj n (|) estimated above from 
Figure 3. In both cases the device is OFF and Cgd has a 
large reverse bias. 

In region 2, where the FET is in the process of switching, 
Cj n is approximately: 

Cjn(2) = C iss -AvC rS s (6) 
Where Ay = AVds/AV gs . and C rss = Cgd. 
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For our example, using typical values for Cj ss and C rss 
from the data sheet and AV^s as indicated in Figure 3, 
we get: 

Cin(2) ~ c iss ~ .., Crss (7) 



g 



640 



Z-59.5 V\ 
\ 1.3 V / 



= 2928 pF 

which agrees with the value estimated with Figure 2 and 
Equation 4. 

A turn-ON delay occurs in region 1 while the gate is being 
charged up to threshold Vgi . Then turn-ON of the FET 
channel starts and is completed when Vds saturation 
occurs at Vg?. 

Overdrive is occuring in region 3. The excess charge in 
region 3 causes a turn-OFF delay. Turn-ON and turn-OFF 
delays could be decreased by pie-biasing the gate to a 
Vg s just below Vg] and by avoiding overdriving into 
region 3. This, however, would decrease the switching 
circuit noise-margin and would require closer control 
of the gate drive voltage and Vg S (th) of the VMOS. 

Figure 2 shows that Cj n (i) and Cj n (3) are fairly constant. 
Cj n (2) increases as V(j s decreases because Cgd increases. 
For the purpose of estimating the time of region 2 we can 
assume the average value given by Equation 4. 

If the gate is being driven by a current source, Ig, the times 
t] and t2 can be determined by: 



Qgl Q g 2 

tl =-2-: «2 =-r=- 



(8) 



For drivers with a resistive source the times can be esti- 
mated by the Equations: (see Appendix for derivation) 



tl =" 



_Qi_ 
v gi 



%n «n(.-£L) 



t 2 - ti = 



Q2-Ql 
Vg2-V g , 



R J\ V' V i' \ 



(9) 



(10) 



where Vqg is driver open-circuit voltage and Rgen is 
driver output resistance. 



For example, assume a 10 volt driver has an output resis- 
tance, Rgen- of 10,000 ohms. From the input characteristic 
curve of Figure 2 we get: 



Q g l =2450pC. 
Q g 2 = 6250 pC. 
V g i =3.8 volts 
Vg2 = 5.1 volts. 

Using Equations 9 and 10 we calculate: 

t) =3.08 ftsec 
t2 — 1 1 =6.88 Msec 

Turn-ON time (time to drive the VMOS into saturation) 
is t2 which is approximately 10 Msec. Reducing R] to 
500 ohms reduces tON to approximately 500 nsec. Further 
reductions in tON can of course be achieved by reducing 
R] even more. 

Turn-OFF times can be calculated in a similar manner. 
From the ON state Vg S starts at Vqg ■ A delay occurs 
until Vg S drops to Vg2. Below Vg2, Vds begins to come 
out of saturation, and the FET will be completely OFF 
when Vg S drops below the threshold voltage Vg] . 

Figure 5 shows input and output characteristics for Rgen = 
500 ohms. Measured t] and t2 were four to eleven percent 
higher than the calculated values. Measured and calculated 
times are shown in Table I. 

100 a 
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VMOS Switch Characteristics 
Figure 5 



TABLE I 



TIME 


Rgen = 10,000 f2 


Rg en = 500 ft 


CALCULATED 


MEASURED 


CALCULATED 


MEASURED 


tl 
t2 - tl 
t2 


3.08 Msec 
6.88 Msec 
9.96 Msec 


3.2 Msec 
7.2 Msec 


154 nsec 
344 nsec 


1 60 nsec 
395 nsec 
555 nsec 
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Since gate input-power is needed only during the switching 
transitions, a driver that has low stand-by power but is 
capable of supplying high current pulses during switching 
transitions is desirable if high-speed switching is needed. 
For the VN64GA as shown in Figure 2, 6250 pC is needed 
to charge the gate to Vg2 which drives the output to 
saturation. Equation 8 shows that to achieve a tON °f 
20 nsec: 

6250 • 10-12 c 



la =- 



20 • 10-9 , 



■ 313 mA. 



One solution is to use a MOS clock driver such as the 
MH0026. These units are designed to deliver high peak 
currents to capacitive loads and have low standby power. 

Another solution is to buffer the logic driver with a com- 
plementary emitter-follower as shown in Figure 6. 

■ v D0 

+10 V to +15 V 




Driver with Emitter-Follower Buffer 
Figure 6 

Effect of Drain Load on Qg2 

The characteristics presented thus far were with a drain 
load resistance of 100 ohms. With VjJD = 60 volts the 
maximum Irj = 600 mA. 

For different values of iD(max) ' ne required Vg2 can be 
obtained from the FET transfer characteristic curve Irj vs 
Vg S . Then with this value of Vg2, Q2 can be estimated 
from the appropriate Vrjrj curve of Figure 1 . 

For example, assume a saturated load current of 2 amperes 
is needed and Vrjrj is 60 volts. The transfer curve of 
Figure 7 indicates for Iq = 2 amperes that V gs ~ 6 volts. 
The 60 volt VfJD curve of Figure 1 (curve B) shows that 
Q g is about 7000 pC. 

The drain load has practically no effect on Qgi and thus 
no effect on t] . 



t 



V gi - GATE-SOURCE VOLTAGE (VOLTS) 

VNG Transfer Characteristic 
Figure 7 



APPENDIX 

In the derivation of Equation 9 and 10 we assumed that 
Cjn(l) is constant for V gs < Vg(l) an d tnat Qn(2) is 
constant for Vg(i) < Vg S < v g(2)- Figure Al shows a 
pulse generator having an open circuit voltage Vqg an d 
an output resistance R ge n, driving a capacitor C m . 

R, 




For a constant Ci n , Vg as a function of time is: 



Vg(t) =V GG 



1 - exp 



VgW. 

VGG 



^Rgen Cin/ 

{„ \ ) 

\ K gen L m / 



1 - exp 
Solving Equation A2 for 1 1 : 

v el 

tl =(Cin(l)Rgen) ^n 1 * 
vGG 

The time: t2 - l\ 

I Vol ~ Vol \ 

t2-.l=(C in( 2)Rgen) ^..^1^) 

In our example from Figure 2 
_AQ g _ Q g i 



Cin(l) 



AV g V g( i) 



and 

Cin(2) : 



r . „,- AQ g Qg2-Qg i 

^, |r /-->\ 



AV g V g(2 )-Vg (1) 



therefore: 



tl -t0 = ^-—Rgen 

V g(D v 



. V g(D 
V G G 



(Al) 
(A2) 

(A3) 
(A4) 
(A5) 
(A6) 

(A7) 



and 



t ._ t ,-[ Qg(2)-Q g (l) | , n /, _V g2 -V gl N 

Since Cj n changes at Vg(j) we use this two-step method 
to determine the total turn-ON time t2. 
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Application Note AN79-4 

Driving MOSPOWER FETs 



INTRODUCTION 

Using VMOS Power FETs you can achieve performance 
never before possible-if you drive them properly. This 
article describes circuits and suggests design methods to 
be used in order to obtain the performance from VMOS 
that you need. 

When designing with VMOS there are some facts that 
must be kept in mind in order to get optimum results 
with every circuit. The first fact is that VMOS is a very 
high frequency device. The cut-off frequency for all VMOS 
FETs is several hundred megahertz. Most power designers 
are not used to designing with extremely high frequency 
devices because with bipolars the frequency response 
decreases as the power increases. The very high frequency 
response of VMOS is the basis for many of its advantages 
but it must be kept in mind while designing. With improper 
circuit design VMOS can oscillate. This oscillation can 
be eliminated, though, by exercising two simple pre- 
cautions. First, minimize lead and trace lengths whenever 
possible, especially leads associated with the gate of the 
FET. If it is not possible to have short leads to the gate 
place a ferrite bead on the gate lead or a small resistor in 
series with the gate. The ferrite bead or the resistor must be 
very close-to the gate. Second, because of the extremely 
high input impedance of VMOS (in excess of 1012 n) 
drive circuits may be designed which are very high im- 
pedance. Under these conditions it is possible for the 
gate node to get enough positive feedback from the gate- 
to-drain capacitance or just from stray fields in the circuit 
to cause oscillation. This must be kept in mind in the 
design of the circuit. 
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A Typical VMOS Switching Circuit 
Figure 1 



When driving VMOS it must be kept in mind that the 
dynamic input impedance is very different than the static 
input impedance. The input of a VMOS device is capa- 
citive. The DC input impedance is very high but the AC 
input impedance varies with frequency. Because of this 
effect, the rise and fall times of VMOS are dependent on 
the output impedance of the circuit driving it. The first 
approximation of the rise or fall time is simply 

t r ort|'=2.2 • ROUT • C iss (1) 

where ROUT ' s tne out-put impedance of the drive circuit. 
This equation is valid only if the drain load resistance 
is much larger than ROUT Knowing this fact, along with 
the fact that there is no storage or delay time with VMOS. 
it is very easy to calculate the rise and fall times and set 
them to any desired value. For example, if you wanted to 
calculate the 10% to 90^ rise or fall time for the circuit 
shown in Figure 1 using Equation 1 the rise time is equal to: 

t, =(2.2) (500) (50 x 10-12) = 55 nsec 

The dynamic input characteristics of VMOS are covered 
very thoroughly in Siliconix" application note AN79-3.' 

A last thing to remember when you are driving VMOS is 
the input protection zener diode. When putting a positive 
voltage on the gate with respect to the source, the max- 
imum voltage rating of the zener diode should not be 
exceeded. It is more important, however, that you do 
not forward bias the zener diode by putting a negative 
voltage on the gate while the VMOS is operating in a 
circuit. The reason for this is most easily explained by 
referring to Figure 2. As can be seen in the figure, the 
zener diode is actually the base-emitter junction of a 
bipolar transistor. If a negative voltage greater than 0.6 V 
is placed on the gate, the base-emitter junction of the 
bipolar will be forward biased which will turn on the 
bipolar transistor. When the bipolar is turned on, cur- 
rent will flow from the drain through the bipolar and 
out the gate. This operating condition is very likely to 
be destructive. If negative voltages must be placed on the 
gale it is recommended that you use a VMOS part that 
does not have an input zener diode. Non-zenered equiva- 
lents are available for most of Siliconix' zenered devices. 
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A Parasitic NPN Transistor in Zener Protected MOSFETS 
Figure 2 

Of all operating modes the common-source configuration is 
the simplest to drive. Because of the high input impedance 
of VMOS it can be driven directly from many logic families. 
When driving from a CMOS gate as shown in Figure 3, 
rise and fall times of about 60 nsec can be expected due 
to the limited source and sink currents available from the 
CMOS gate .2 If faster rise and fall times are required 
there are several ways to obtain them. One easy way is 
if there are extra gates in the package that is driving the 
VMOS simply put the extra gates in parallel with the 
gate already being used. The additional current available 
will cut down the rise and fall times. If no extra gates 
are available an emitter-follower buffer can be used as 
shown in Figure 4. With this circuit the current available 
to the VMOS will be the output current of the CMOS 
multiplied by the beta of the bipolars. Because the bipolars 
are operating as emitter-followers there will still be no 
storage time to worry about and the frequency limit 
will be determined by either the CMOS gate or the f T 
of the bipolars. whichever comes first. 
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Pulling Up a TTL Output Will Increase 
the Sink Current of the VMOS 
Figure 5 



VMOS can also be driven directly from TTL gates. Because 
the output voltage of TTL is limited, the output current of 
the VMOS will be limited to some value less than its max- 
imum rated current. The output current that can be ex- 
pected can be determined from the transfer characteristic 
of the device being used. For example, if a TTL gate is 
driving VN46AF the minimum output current of the 
VMOS will be approximately 250 mA. This value was 
obtained by using the minimum output voltage of the TTL 
gate (3.2 V) for a high level output and referring to the 
transfer characteristic for the VNAZ which is the VMOS 
geometry used in the VN46AF. If more than 250 mA 
is required the output of a standard VMOS gate can be 
pulled up to the 5 V rail as shown in Figure 5. With a full 
5 V on the gate the VN46AF will typically sink 600 mA. 

For very high speeds a capacitive driver such as the MH0026 
can be used as shown in Figure 6. With this drive config- 
uration typical rise and fall times are less than 10 nsec. 

When operated in the common-drain mode VMOS is 
somewhat more difficult to drive than when in the com- 
mon-source mode. Because of VMOS' high input imped- 
ance, though, it is considerably easier to drive common- 
drain than a bipolar would be when operated common 
collector. Common-drain circuits can be used when the 
load needs to be connected to ground, when an active 
pull-up and pull-down is required (totem pole circuit), 
or in bridge type circuits. For the purpose of this dis- 
cussion all examples will be shown with totem pole circuits. 
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An Emitter-Follower Circuit Will Decrease VMOS 
Rise and Fall Times 
Figure 4 
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Using an MOS Clock Driver to Drive VMOS 
Figure 6 
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The difficulty with common-drain circuits occurs because 
as the voltage across the load increases the enhancement 
voltage of the common-drain device decreases. Referring 
to Figure 7, as the voltage across Rl approaches V2 the 
enhancement voltage for the upper VN66AF decreases. 
If Vr is not greater than Vj tnen tne voltage across 
RL can never reach Vj. For this reason whenever a com- 
mon-drain circuit is used it is always necessary to have or 
to generate a voltage that is greater than the voltage which 
is desired to be impressed across the load. The amount 
the voltage has to be above the desired drain voltage is 
dependent upon the current the VMOS must source and 
can be determined from the transfer characteristic of the 
VMOS being used. If no supply voltage is available other 
than the one the load is to be pulled up to, one can be 
generated. This can be done very easily because of the 
very low drive current requirements of the VMOS. 



maintained across it. A good rule of thumb is to make 
C] equal to ten times the Cj ss of the FET. Figure 9 shows 
the same bootstrap circuit with some added components 
to improve the rise and fall times. In the circuit Q2 acts 
as an emitter-follower to increase the peak gate current 
to Q3. Y>2 wi H be forward biased when Qi turns on and 
serves as a low impedance path to discharge the gate of Q3. 



— 
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Bootstrap Circuit with Emitter-Follower 
for Improved Rise Times 
Figure 9 



VMOS in Totem-Pole Configuration 
Figure 7 



One way of generating the required gate voltage is the 
bootstrap circuit shown in Figure 8. In the circuit, when 
Q] and Q3 are on, C\ is charged to the supply rail through 
D[. When Q] and Q3 are turned off, the gate voltage on 
Q2 goes to the supply rail. As the source of Q2 begins 
to pull Rl up, the voltage across C] will be maintained, 
therefore, the gate-to-source voltage of Q2 will be main- 
tained. The size of C[ should be large enough so that when 
it charges the gate capacitance of Q2 a minimum voltage 
equal to the required enhancement voltage of Q2 will be 




Inductive Kickback Drive Circuit 
Figure 10 
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VMOS Bootstrap Circuit 
Figure 8 



Another method to drive a common-drain VMOS FET 
is shown in Figure 10. Rather than charging a capacitor 
and then feeding a signal back from the output as was 
done in the bootstrap circuit, this circuit stores the required 
charge in an inductor. When Qi is turned off a flyback 
voltage is generated across the inductor. This voltage is 
used to maintain an enhancement voltage equal to the 
voltage of zener diode D2 across the VMOS FET. Once 
the Q2 has been fully turned on and the voltage on Rl 
is at the rail a negligible amount of energy is required 
to keep Q2 on. Q2 will remain on until Qj is turned on, 
or until the leakage currents of Qi and D2 discharge 
the gate capacitance of Qt. 
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Another method that can be used to drive a common- 
drain VMOS is transformer drive. A transformer drive 
circuit is shown in Figure 1 1 . In this circuit the transformer 
is used in the flyback mode when turning on the upper 




Transformer Drive Circuit for VMOS 
Figure 11 



and R4 are used to assist with turn-off of the FETs. When 
driving with a transformer, care must be taken to design the 
transformer so that the secondary inductance in con- 
junction with the input capacitance of the FET does not 
create ringing of oscillation problems. 

SUMMARY 

The very high input impedances of VMOS Power FETs 
greatly simplify the drive requirements as compared to 
bipolars. The input drive requirements for both common- 
source and common-drain configurations were discussed 
in detail. With common-source circuits the requirement 
that needs to be kept in mind is the rise and fall time 
required. With common-drain circuits a method of main- 
taining an adequate enhancement voltage must be consid- 
ered in addition to required rise and fall time requirements. 
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Application Note AN80-1 

MOSPOWER FETs-A Key to the 

Advancement 
of SMPS Technology 



In recent years many engineering man hours have been 
dedicated to refining the switching mode power supply 
(SMPS). As a result of this effort, significant advances have 
been made in switching mode power supply technology. At 
this point there are undoubtedly more advances possible for 
SMPS using present components. 

The major factor affecting size and cost of SMPS is the 
switching frequency. As the frequency of operation in- 
creases, the size of the magnetic components and filter 
capacitors comes down (cost usually accompanying them). 
However, power losses in the switching elements go up 
as a function of operating frequency. Thus further improve- 
ments in SMPS technology will come, most probably, in 
improved switching elements. 

The DMOS (or Power MOS) transistor has speed and drive 
characteristics which will allow a new generation of SMPS 
designs improving cost, weight and performance factors. 
This new power control device does not have the secondary 
breakdown problems of bipolar devices nor the di/dt and 
dv/dt problem of the SCR. 

At this time the great majority of switching power supplies 
available is restricted to a narrow band of power outputs 
that is much narrower than the market desires. Very high 
power switching power supplies are pushing the old semi- 
conductor technology to the limit in performance. 

The limitations of the bipolars and SCR's are not the only 
things in the way of higher power. As power increases the 
size and cost of transformers, filter capacitors and induc- 
tors, and many other of the output components increase 
very rapidly. One solution to this problem is increasing the 
operating frequency. Unfortunately, it is very difficult to 
significantly increase the operating frequency using bipolars 
or SCR's. 



Low power switching supplies present a different type of 
problem. Excellent low power supplies can be developed 
using the old bipolar or SCR technologies. The problem is 
making these small power supplies cost effective. The new 
switching regulator controller ICs have helped considerably 
with this problem. The drive and protection circuits for the 
bipolar output transistors still present a major obstacle to 
cost effectiveness. 

There are two obvious methods to decrease the cost of a 
low power switcher. The first is to reduce the total number 
of components and the second is to decrease the cost of the 
components that are needed. These methods are used in 
many well designed power supplies, but low power switchers 
are still not cost effective. Once again, as in high power 
switchers, raising the operating frequency can be used as a 
solution. With the reduced size of many of the power 
supply components made possible by the higher operating 
frequency, much lower costs are possible. 

All of the switching power supply requirements discussed 
so far, along with the difficulties in achieving these require- 
ments have been known for some time. It becomes appar- 
ent after looking at these problems for a while that the 
major bottleneck impeding the solution to these problems 
is the power switching device presently being used. DMOS 
Power FETs were designed with switching power supply 
designers' problems in mind. The result of this effort is a 
power transistor with characteristics that are near-perfect 
for switching power supply use. 

In order to take advantage of these new devices, it is neces- 
sary to understand a few of their basic characteristics. 

The DMOS or Power FET is a field effect device whose 
control element changes the electrostatic field existing over 
the source-drain channel of the device. This control element 
or "gate" is insulated from the source-drain channel and 
has the characteristics of a capacitor. 
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So far, all DMOS devices made are enhancement mode. This 
means that with zero volts from gate-to-source no current 
will flow from drain-to-source. If you are accustomed to 
working with bipolars an easy way to visualize the opera- 
tion of DMOS is to think of it as a npn bipolar transistor. 
The only difference is that the collector-to-emitter (drain- 
to-source) current is controlled by a positive voltage on the 
gate instead of a current into the base. This first charac- 
teristic is a tremendous advantage in high efficiency sys- 
tems because very little power is required to drive DMOS. 

The second characteristic that needs to be understood is the 
output characteristic curve of the device. This can be best 
understood by referring to Figure 1. This set of curves 
actually shows several characteristics which are very impor- 
tant in switching regulators. Each curve in the set is for one 
gate voltage. As can be seen, there are two distinct regions 
in each curve. The near vertical portion is called the linear 
region and the horizontal portion is called the current 
saturation region. When DMOS is used as a switch it is 
almost always operated in the linear region. In the linear 
region the device is fully enhanced and presents the lowest 
ON resistance and, therefore, the lowest voltage drop. When 
operating in the linear region, the device looks like a resistor 
and the drop across the device will be proportional to the 
current through it. In the saturation region a DMOS FET 
acts as a constant current source. In this constant current 
region the drain current is independent of the drain voltage. 
What makes the DMOS unique is that when operating in 
the current saturation region, as the junction temperature 
rises the drain current will decrease. This self protecting 
feature does not occur in a bipolar. In a bipolar the 
collector current rises as the junction temperature increases 
leading to possible runaway and destruction of the device. 

The next characteristics of DMOS important to switching 
power supplies are the very fast rise and fall times. As can 
be seen in Figure 2. the VN4000A is specified at a maxi- 
mum of 100 nanoseconds for turn-on and turn-off. It is 
important to note, however, that these rise and fall times 
are with a specified driver source impedance. Because of the 
absence of minority carrier storage time in DMOS FETs 



the rise and fall times are governed entirely by how quickly 
the input capacitance can be charged or discharged. The 
major limiting factor in this charge rate is the source 
resistance of the DMOS driver. This means that the rise and 
fall times can be controlled accurately by the user to be as 
fast or as slow as is desired. By lowering the source im- 
pedance driving the VN4000A below the specified data 
sheet test value (50 SI), switching times as fast as 10 nano- 
seconds can easily be obtained. 

Another important characteristic of DMOS FETs to be 
aware of is the threshold voltage. Below the gate threshold 
voltage a change in the gate-to-source voltage will have no 
effect on the drain current - it will remain at zero. As the 
gate-to-source voltage increases above the threshold voltage 
the drain current begins to increase above zero. With DMOS 
or with any FET the threshold is controlled by how the 
device is processed. On the VN4000A the decision was made 
to keep the threshold in the three to five volt range instead 
of allowing it to go lower. This higher threshold offers the 
switching power supply designer major advantages. Because 
changes in gate-to-source voltage below the threshold 
voltage do not affect the drain current, for every volt added 
to the threshold voltage a volt of noise immunity is added. 
The interior of a switching power supply is a very high noise 
environment and high noise immunity components offer 
significant design simplifications along with increased reli- 
ability. Turn-off time is also improved with higher thresh- 
olds. A DMOS drive circuit has an almost purely capacitive 
load. On turn-off, therefore, the gate is essentially a capaci- 
tor discharged through a resistor to ground. It is clear then 
that the higher the threshold, the sooner the device will 
turn-off. Turn-on time is not significantly affected by 
raising the threshold voltage because of the high gain of the 
device. The VN4000A offers these high threshold advan- 
tages while still maintaining CMOS compatibility. 

One last characteristic of DMOS that should be mentioned 
briefly is the safe operating area. As was mentioned earlier, 
most designers of high power switchers allow a significant 
over-design in the ratings of the bipolar power devices used 
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are resistive load lines for both DC and pulsed loads. A re- 
sistive load, however, is not a particularly strenuous test for 
a switching device— even a bipolar is able to switch a resist- 
ive load at the full voltage or current rating. An inductive 
load is much more difficult. When switching an inductive 
load the easiest method of protection for the switching 
device is placing a free wheeling diode across the load. The 
free wheeling diode alone is usually not adequate for 
bipolar devices, however, because the diode allows the 
switching device's voltage to go up to the rail voltage 
before there is any significant current decrease. This type 
of operating condition will usually cause second breakdown 
in a bipolar. As can be seen from the SOA curve the DMOS 
device can be operated at the full voltage and full current 
ratings simultaneously. The only derating is for maximum 
power dissipation. There is no second breakdown. 

An added advantage of the DMOS device is that there is an 
inherent diode from drain-to-source in the structure. This 
diode can be used as the free wheeling diode for currents 
up to the full current rating of the DMOS device. 

Many switching regulators have been built at Siliconix. The 
first switchers were used as vehicles for gathering informa- 
tion to add to other information obtained from the field on 
what characteristics were needed for the ideal switching 
regulator device. Now several switching power supplies have 
been built simply to demonstrate how easily switching 



capable of quite a bit more output power. The half-bridge 
supply also offers multiple outputs suitable for micro- 
processor applications. The last switcher is an example of a 
fairly high power full-bridge design. 
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Safe Operating Area of the VN4000A Also Showing DC and 
Pulsed Resistive Load Lines 
Figure 3 

A schematic for a 5 volt 10 ampere output off-line flyback 
regulator is shown in Figure 4. The primary goals in this 
design were simplicity and low cost. Some trade-offs had 
to be accepted to meet these goals, but overall performance 
of the supply is still excellent. 
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In operation the supply was designed to maintain a constant 
ON time for the DMOS FET. The operating frequency of 
the supply is varied to change the duty cycle. ON time for 
the FET is approximately 7 microseconds and the operating 
frequency varies from 5 kilohertz to 100 kilohertz. This 
circuit configuration was chosen because of its ease of 
implementation and low parts count. There are two dis- 
advantages associated with this circuit. The filter require- 
ments are much more stringent because of the wide range 
of operating frequencies, and as with all flyback regulators, 
a larger core than usual must be used because of increased 
energy storage requirements. These disadvantages are far 
outweighted by the simplicity offered by this configuration 
for a low power, low cost switching supply. 

In the circuit, two inverters from a hex Schmitt inverter 
package are used to form a constant ON time variable fre- 
quency oscillator. The frequency of the oscillator is con- 
trolled by the amount of current flowing from the current 
mirror consisting of Qj and Q2. The output of the CMOS 
oscillator is buffered by a pair of emitter followers to drive 
the DMOS power transistor. The emitter followers create a 
low output impedance driver to charge and discharge the 
DMOS gate capacitance rapidly. The output transformer, T2 
is an Indiana General pot core with three windings. Because 
of the high frequency operation of this inverter, care must 
be taken in the construction of the transformer to avoid 
excessive leakage inductance. The transformer is wound 



using fifteen turns of #22 bifilar wire followed by the 
3 turn secondary and then sixteen more turns of the bifilar 
wire. The two wires of the bifilar pair form the primary 
and the catch windings. By interleaving the secondary in the 
primary, losses are reduced to a minimum and excellent 
performance is obtained. 

Because the operating frequency of this power supply varies 
with load, the output filter is more complex than is com- 
monly used. The frequency response obtained from the 
supply is more than adequate, however. Figure 5 is a plot 
of the closed loop gain of the supply vs. frequency. 

The drain voltage and current waveforms for the output 
transistor are shown in Figure 6. Switching times are very 
good and waveforms are close to ideal. 

A flyback regulator offers advantages at low power because 
of its very low parts count. As output powers increase, 
however, it becomes increasingly difficult to design a prac- 
tical flyback regulator. There are many alternatives to the 
flyback regulator that are more practical for higher power 
designs. Figure 7 is a schematic for a 150 watt half-bridge 
configuration regulator. This type of design is practical for 
switchers in the 100 to 500 watt range. The circuit operates 
at a constant frequency and uses pulse width modulation to 
control the output voltage. A Texas Instruments TL494 
switching regulator controller integrated circuit is used as 
the main control element. 




With DMOS, half-bridge and full-bridge circuits are a very 
attractive alternative to the push-pull configuration often 
used. In a push-pull circuit the power transistors are ex- 
posed to twice the primary voltage. This requires the use 
of very high voltage, more expensive transistors. This dis- 
advantage is tolerated because at the low operating fre- 
quencies required in bipolar regulators, it is difficult to 
efficiently level shift the signal necessary to drive the upper 
device in a totem pole. With DMOS, because of the high 
operating frequencies and extremely low drive power 
requirements this level shifting is very simple. In the half- 
bridge circuit shown, level shifting is done using a small 
pulse transformer. The complementary emitter followers 
once again allow high peak currents to charge and discharge 
the gate capacitance quickly. Figure 8a shows the gate 
waveforms of both the upper and lower DMOS devices. 
The upper trace is the upper device and is shown at 100 
volts per division. Figure 8b shows the drain voltage and 
current waveforms. Capacitor C7 of the transformer pri- 
mary supplies a pseudo-ground at one-half of the power 
supply voltage. 

This design still maintains a fairly low parts count and is 
therefore a low cost circuit. The ±15 volt +5 volt outputs 
make this supply an ideal low cost microprocessor system 
power supply. This design is discussed in greater detail in 
Design Aid 80-1 "A Low Cost Regulator for Microprocessor 
Applications". 



Most experienced power supply designers, when first pre- 
sented with DMOS as an alternative to bipolars in the 
switching power supply, immediately see most of the 
advantages of the devices. A common area of concern, 
though, is the saturation voltage. The saturation voltage of 
DMOS when operating at the maximum rated current is 
typically four to ten times higher than a bipolar with 
equivalent ratings. This single fact, without considering 
other characteristics of DMOS, would appear to make 
DMOS not practical to use in a switching power supply 
from an efficiency standpoint. When drive requirements 
and transition losses are considered together with the 
saturation losses, however, DMOS transistors are nearly 
always more efficient than bipolars when used in switchers. 

An analysis of the power losses associated with the output 
devices in the half-bridge regulator will serve well to illus- 
trate this point. The saturation losses, transition losses and 
drive losses will be calculated and compared for this DMOS 
circuit and for an equivalent circuit using bipolars. In order 
to simplify the DMOS analysis all the circuitry after output 
devices in both the bipolar and the DMOS version will be 
assumed to be 100 percent efficient. Drain (or collector) 
average current will be assumed to be 1.3 amperes and 
supply voltage will be 340 volts. Losses for the DMOS design 
will be calculated first: 

Saturation Loss = RdS(ON) x 'aVG 

= 1.0 £2 x 1.3 A = 1.3 W 
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Figures 9a and 9b show the rise and fall times for the 
VN4000A in the microprocessor power supply circuit. By 
graphically integrating the area under these curves and 
making the assumption that the current stays constant 
during the switching interval the transistor losses are 
found to be 0.94 watts. This number corresponds well to 
the number yielded by the equation 1 : 

Transition Losses = (0.556) (V) (LJ (tQpp) (0 
= 1.04 W (for this example) 

Drive losses are slightly more complicated. There are two 
components to the driving losses. First, there are the losses 
in the DMOS devices themselves - these are CV^f losses in 
the input capacitance. Second, there are the losses in the 
current buffers and level shifting network. The input 
capacitance of the Siliconix VN4000A is about 800 pF. At 
20 KHz the CV2f losses per transistor are: 

P =(800 x 10- 12 ) (15) 2 (20 x 10 3 ) = 3.6 mW 

therefore, the loss in the DMOS is negligible. 

The major loss in the drive circuit is in the level shifting 
network. Assuming operation at 50 percent duty cycle 
these losses total 5 watts. Total losses, therefore, are 
7.3 watts. 
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for the Microprocessor Supply 

Figure 9a 



Analysis of the bipolar equivalent will be done using a 
2N6671. At 1.3 amperes, the saturation voltage of this 
device is rated at 0.9 volts. This yields a saturation loss of 
about 1.2 watts. As expected, this is better than could be 
achieved with the DMOS. 

Rise and fall times on the 2N6671 are rated at 0.5 micro- 
seconds. Using the same assumptions and the same equation 
that were used before with the additional assumption the 
drive circuit used is capable of driving the devices that 
quickly, the transition losses turn out to be 4.3 watts. 

Beta on this device is guaranteed to be 10 minimum. As- 
suming this beta, drive current required will be an average 
1.3 amperes/10 = 130 mA. Because the bootstrap circuit is 
not practical with this amount of current, a floating power 
supply is a common way of obtaining the power to drive 
the devices. Assuming a power supply voltage of 10 volts 
and efficiency of 60 percent, the drive would require about 
2 watts x 2 devices = 4 watts. A level shifting network will 
still be needed to control the device from the control IC 
which is not floating. If similar techniques to the ones used 
in the DMOS level shifter are used, and keeping in mind that 
only a control signal must be level shifted, 3 watts is a rea- 
sonable power to expect to be used. This gives the bipo- 
lar version a total power loss of 9.5 watts. 

These figures give the DMOS design an edge over the 
bipolar even at a 20 KHz operating frequency. 
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Drain Voltage Fall-Time Waveform 
for the Microprocessor Supply 
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Figure 10 is the schematic of the output circuitry of a full- 
bridge switching power supply. This full-bridge co 
tion is ideal for supplies in the 300 to 1500 
Because of the need for four output transistors, this circuit 
is not economically practical for lower power 
Similar techniques to those used for level shifting on the 
half-bridge design were used. The level shift transformers 
used were Indiana General pot cores. This level shifting 
technique is very simple and the same circuit can be used 
for nearly any size DMOS FET allowing wide ranges of 
output powers with no drive circuit changes. The power 
supply's operating waveforms are shown in Figure 1 1. 




devices offer in switched mode power supply design, inese 
advantages include lower costs, increased performance, 
better reliability and simplified circuit design. 

REFERENCES 

1. B. Roehr, "Significance of Inductive Switching Speci- 
fications", Solid State Powerconversion, July/ August 
1979, pp. 33-42. 

2. D. Hoffman, L. Schaeffer,"VMOS-A Breakthrough in 
Power MOSFET Technology". 

3; RCA Corporation, Solid State Power Circuits, © 1971 

RCA Corporation. 
4. General Electric, SCR Manual 4th Edition, © 1967 

G.E. Corporation. 




TT.T2 - INDIANA GENERAL F1146 106 POT CORE 
32 TURNS =30 TRIFILAR WIRE 
T 3 - INDIANA GENERAL IR8552-1 E CORE 

PRIMARY 40 TURNS #22 SECONDARY 5 TURNS COPPER TAPE C.T. 



A 300 Watt Full-Bridge, Off-Line Power Output Stage 
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Design Aid DA80-1 

A Low Cost Regulator for 

Microprocessor 
Applications 

Build a 100 KHz multiple output 
switching regulator 



INTRODUCTION 

Commercial switching power supplies typically operate at 
frequencies from 20 KHz to 40 KHz and achieve efficiencies 
as high as 70% to 75% at a reasonable size and weight. 
These same efficiencies or better can be realized by in- 
creasing the operating frequency to 100 KHz and above 
when using MOSPOWER® FETs as the power switching 
transistors. At these higher frequencies much smaller re- 
active components are necessary thus decreasing the cost, 
size and weight of the power supply while maintaining the 
same output power. The main factor limiting the operating 
frequency of conventional switching supplies is the in- 
herently slow switching times of the power bipolar tran- 
sistors due mainly to minority carrier storage time. MOS- 
POWER FETs are majority carrier devices and therefore do 
not have storage time. The VN4000A series of 400 volt 
MOSPOWER FETs have maximum switching times of 100 
ns thus enabling efficient switching rates up to 500 KHz 
and above. 

This higher operating frequency results in a reduction of the 
size and cost of ferrites and capacitors needed for the same 
power transfer and filtering capability. Since DMOS is a 
voltage controlled device, drive circuits are much simpler 
and consume less power than high current bipolar drives. 
DMOS' rectangular safe-operating area means that maximum 
rated voltage and current can be controlled simultaneously 
with no fear of second breakdown. Snubbers add extra 



cost and dissipate excess power in bipolar designs - none 
are needed to protect MOSPOWER FETs. Catch diodes are 
required for totem-pole switch configurations such as full- 
bridge and half-bridge power supplies to catch high voltage 
inductive spikes. These diodes must be added externally to 
bipolar designs at extra cost, but they are already built 
into MOSPOWER FETs. 

Their rugged safe-operating area, built-in catch diodes and 
simpler drive circuits make designing with MOSPOWER 
FETs simple and economical. 

Power Supply Overview 

The power supply presented here uses two VN4000A 400 
volt MOSPOWER FETs in a half-bridge power switch 
configuration (Figure 1). Outputs available are +5 volts at 
20 amperes and ±15 volts (or ±12 volts) at 1 ampere each. 
Since linear three terminal regulators are used for the low 
current outputs, either ±12 or ±15 volts can be made 
available with a simple change in the transformer secondary 
windings (see Construction Details). A TL494 switching 
regulator IC provides pulse width modulation control and 
drive signals for the power supply. The upper MOSPOWER 
FET (Q7) in the power switch stage is driven by a simple 
transformer drive circuit. The lower MOS (Q 6 ), since it's 
ground referenced, is directly driven from the control IC. 
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For initial start-up, a linear regulator (Q3, R4 and D2 in 
Figure 1) supplies about 14 volts from the full-wave recti- 
fied line voltage for all the drive and control circuitry. 
Once the power supply starts up, the voltage from a separate 
secondary winding (#2) is rectified and filtered and used to 
supply all power to the control IC and drive circuitry. When 
this supply reaches full voltage (about 18 volts) diode Di 
is reverse biased thus automatically turning-off the less 
efficient linear regulator used for start-up. A minimum 
current of one ampere must be drawn from the +5 V output 
to assure turning off the linear start-up regulator. If less 
current is drawn from this output, the control circuitry will 
be powered by the linear regulator and excess power will be 
dissipated in Q3. 



CONSTRUCTION DETAILS 

Careful circuit board layout is very important for the proper 
operation of high power, high-frequency switching regu- 
lators. Single point grounding is absolutely necessary to 
prevent ground loops from rendering the circuit totally 
unstable or inoperable. Ground planes are also required to 
lessen the effects of electromagnetic interference on the 
circuit. Presented here is a circuit board layout which is 
known to operate correctly and reliably. Use of this layout 
will make the construction of this power supply much sim- 
pler and will speed your evaluation of the VN4000 series of 
high-voltage MOSPOWER FETs. 

Circuit Board 



All outputs are isolated from the AC power line. The 5 
volt output was chosen to be the main regulated output 
controlled by the pulse width modulator. Feedback from 
this output is optically isolated from the line side of the 
power supply. The complete supply is over-current pro- 
tected by sensing the source current in the lower MOS- 
POWER FET (Q 6 ) and using this signal to shut down the 
supply. 




The circuit board layout (Figure 2) uses double sided 
construction. Most of the traces are on the bottom side of 
the board while the top side is used as a ground plane. 
Three ground planes are used — one for the input and 
control circuitry, one for the ±15 volt outputs and one for 
the +5 volt output. If a common ground is desired for all 
DC outputs, both output ground planes may be connected 
together. 



• 6.9"- 




Circuit Board (Bottom Side) 
Figure 2a 



Circuit Board (Top Side) 
Figure 2b 
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are a few connections from one side of the circuit board to 
the other side that do not have components mounted in 
them. If plating-through is not used, a short piece of wire 
must be soldered in these holes to both sides of the board. 
All solder points on the top side are indicated by an 'X'. 
Table I shows the recommended drill sizes to be used for 
drilling the circuit board. 

TABLE !. RECOMMENDED DRILL SIZES 
The following drill sizes should be used on the circuit board: 

#66 IC1-IC3, 1/4 W resistors, disc capacitors, opto- 
isolator,Qi-Q5,Di-D 6 ,C 6 ,Ci3 
Tj bobbin leads, 1/2 W resistors, Cg, Co, T 3 
secondary, TH 1 ,F 1 ,C 18> C2i,C22,D 2 ,D]4 

1 W resistors, T 2 bobbin leads, D7-D10, C7, D13, 
C 13 ,C, 9 

RlO> IC4, IC5, L1-L4, R24, T3 primary 
TO-3 lead sockets, line cord 

Fj, IC4, IC5 and TO-3 screw-mount holes, 5 V CT 
Dll,D ]2 

C5 

Banana jacks 



#60 

#57 

#54 
#44 
#23 
3/16" 
1/4" 
5/16" 
Transformers 

Three transformers are used in this power supply: 1) DM OS 
drive transformer, 2) power transformer and 3) current 
sense transformer. The winding details explained here should 
be closely followed, especially for the power transformer T2- 



Primary (I) - 2U turns ot #24 enamel wire 

Secondary (2) - 30 turns of #24 enamel wire 

Make all connections to the bobbin according to the parts 
placement diagram (Figure 3). 

T2 - Power Transformer 

Using the appropriate bobbin, wind the following (pin 1 
of the bobbin has a notch for identification): 

Primary (1) — The primary is made up of a type of litz wire 
using several strands of regular enamel wire (refer to Figure 
4). Cut 8 strands of #28 enamel wire (about 6 feet long) 
and place them together in parallel. Twist the ends only 
together (not the whole length), but do not solder. Fold 
this twisted bundle of wires in half and wind 8 turns of 
this doubled over bundle onto the bobbin. Cut the folded 
over end of the bundle so that there are now 4 ends coming 
out of the bobbin. Twist the ends of each newly cut 
bundle. Next, connect one of the beginning bundles (D) to 
the end of the other (B). This effectively connects the 
bundles in series, wound in the same direction, to form a 
single 16 turn primary. The purpose of winding in this 
manner is to equalize the flux across the transformer core. 
There should now be two ends of the wire free and two 
ends connected to each other. Connect the free ends to the 
bobbin as shown in Figure 3. Make sure all windings are 
wound tight and neat - do not waste any space. Now put a 
layer of transformer tape to cover the primary. 
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TWIST ENDS 

Step 2 - Fold in half 




Step 3 - Wind on bobbin 




CUT HERE 



Step 4 - Connect C and A to pins 6 and 7 

CONNECT BSD 
TOGETHER HERE 




Primary Power Transformer 
Figure 4 

Secondary (2) - Start-up Winding: Wind 4 1/2 turns of 
#24 enamel wire (about 20 inches long) evenly on top of 
the primary winding. Connect the ends as shown in Figure 
3. Put a single layer of transformer tape over the start-up 
winding. 




Figure 5 



Secondary (4) - ±15 volt secondary. Make another litz wire 
similar to the primary but this time parallel 6 strands of 
#28 enamel wire about 40 inches long (refer to Figure 6). 
Twist the ends together and double the bundle over itself. 
Wind 5 turns of this doubled over bundle neatly on the 
bobbin (4 1/2 turns for ±12 V outputs). Cut the double 
end and connect B and D together and connect to bobbin 
pin #1 1 . Connect the two free ends of the bundle to the 
other bobbin pins. Put a layer of transformer tape over 
these windings. 

Secondary (3) — 5 volt secondary: Make up some insulated 
copper tape by placing transformer tape on one side of a 
10 inch long piece of 5/8 inch wide, 2 mil copper tape (refer 
to Figure 7). Make two of these insulated tapes. Make 
sure the transformer tape is slightly wider than the copper 
tape so that the windings don't short to each other. Wind 
both of these insulated tapes at once (like bifilar tape) for 
two turns. Connect the beginning of one tape (A) to the 
end of the other tape (D) - this is the 5 volt center tap. 
Connect three #18 stranded wires (or #18 ribbon cable) in 
parallel to each of the free copper tape ends and to the 
center tap. Spread out the stranded wires flat when solder- 
ing to the copper tape - this makes a much neater and less 
bulky connection. Connect the ends of these paralleled 
wires to the output rectifiers and P.C. boards as shown in 
Figure 3. Wrap a final layer of transformer tape to hold 
everything together. 

T3 — Current Sense Transformer 

Place the windings directly on the toroid: 



Faraday Shield — This is a shield used to minimize radiated 
electromagnetic interference (EMI). Cut a piece of 5/8 
inch copper tape about 3 inches long and wrap this around 
the existing windings (refer to Figure 5). Do not make a 
complete loop - leave about 1/4 inch between the ends so 
that they can't touch. Solder a small stranded wire (#20) 
onto the shield and connect it to the bobbin as shown in 
Figure 3. Put a layer of transformer tape over the Faraday 
shield. 



Secondary (2) - Wind the secondary first. Wind 7 turns 
of #20 enamel wire (about 10 inches long) onto one side of 
the toroid (Figure 8). 

Primary (1) - Form the primary by soldering 2 strands of 
#16 enamel wire to the circuit board connections (Figure 3). 
Run these strands through the center of the toroid. This 
forms the one turn primary. Solder the secondary into the 
board as shown (Figure 8). 
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Step 1 - Parallel 6 strands #28 wire 




TWIST ENDS 



Step 2 - Fold in half 

c 

Step 3 - Wind on bobbin 




Step 4 - Connect the free ends to bobbin pins #10, 12. 
Connect doubled over end to pin 11. 




Output Inductors 

Li and L2 are identical. Wind one turn of #18 enamel wire 
through each core and solder to the circuit board. 

L3 is also one turn, but use three strands of #18 in parallel. 

L4 is an air core inductor. Close wind 10 turns of #16 wire 
on a 5/16 inch diameter form. 

Heat Sinks 

Mount the TO-3 heat sinks off the board with 1/4 inch 
spacers (to make space for R5, R^, Rg and R19). No 
insulating washers are needed, but heat sink compound 
should be used. 

Mount IC4 and 1C5 onto their heat sinks with thermal 
compound. IC5 should be insulated from the heat sink. 
Use metal screws for mounting IC4 and ICS and use plastic 
screws for the other mounting screws for the TO-66 heat 



Step 1 - Make two insulated copper straps 

TAPE COPPER 



h 




9 c 


xp 















Step 2 - Place one strap on top of the other with leads on 
opposite sides. 




Step 3 - Wrap two turns of this double copper tape onto 
the bobbin. Connect A to D and solder this center tap 
into the circuit board. Connect the other free ends, B and 
C, to diodes D[i and Dj2- 




5 V Secondary 
Figure 7 



sinks. Cut off the center lead of each regulator and insert 
the other two pins into the circuit board. 

Schottky rectifiers Dj] and D]2 mount directly on the 
heat sink with thermal compound. Use star washers for a 
good electrical connection when bolting rectifiers Dn and 
D)2 to the board. 

Miscellaneous 

Use star washers on both sides of the board when mounting 
C5 . IC sockets may be used for IC 1 , IC2 and Opto 1 . 

ALWAYS use an isolation transformer when connecting an 
oscilloscope to look at waveforms on the primary side of 
the power supply. 

Do not mount Q3 until after the initial test procedures. 



Power-Up Connection 

Current Sense Transformer Figure 9 

Figure 8 



Power-Up Procedures 

Even though this is a proven circuit board, the control 
circuitry should be checked separately before powering up 
the complete supply. To do this, connect an isolated +12 
volt supply through a diode between pin 12 of IC1 and 
ground (Figure 9). Use an oscilloscope to check the drive 
signals at pins 9 and 11 of IC1. These signals should be in- 
phase, quasi-square waves at a frequency of 100 KHz 
(Figure 10a). When these signals check OK, look at the gate 
waveforms of the MOSPOWER FETs. These waveforms 
should be out of phase (Figure 10b). Q7's waveform may 
have some overshoot. With Q3 still out of the circuit board, 
connect a variac or a high voltage DC power supply to the 
AC input. Slowly increase this power supply voltage (the 
control circuitry is still running with the floating 12 V 
supply) while monitoring the output voltage. When the 
5 volt output gets somewhere between 4.5 volts and 6.5 
volts the supply should begin regulating and further in- 
creases in the input voltage will not change the output. No 
significant current should be flowing from the high voltage 
supply at this time. Check the ±15 volt outputs for the 
correct voltage. 

While monitoring the supply voltage on pin 12 of IC1 
(using a floating voltmeter) connect a load to the 5 volt 
output to draw about 1 ampere. The supply voltage on pin 
12 should increase to about 15-20 volts if the power supply 
winding #2 on T2 is working correctly. If everything works 
correctly so far, disconnect all power supplies and install 
Q3 in the circuit board. Using a variac or DC power supply 
and a floating voltmeter (or an isolation transformer and a 
non-floating meter), increase the input voltage to the line 
cord to about 20 VDC or 40 VRMS while monitoring the 
supply voltage on pin 12 of IC1. This voltage should level 
off around 10-12 volts. Connect a minimum load to the 
power supply (5 fl, 5 W) and increase the line voltage to 
full voltage. ICl's supply voltage should increase to about 
15-20 volts. 

The power supply is now ready for use. Adjust the output 
voltage to 5 volts using Ri(). Adjust the current limit R24 
with the ±15 volts fully loaded and the +5 volt output 
delivering about 25 amperes. A minimum current of about 
5 amperes must be drawn from the 5 volt output for the 
±15 volt outputs to be able to deliver 1 ampere each. 




15 V 



a) TL494 Drive Waveforms 




b) DMOS Gate Waveforms 

Drive Circuit Waveforms 
Figure 10 



The power supply may now be plugged in directly to the 
power line for operation. The only requirement necessary 
is to have a minimum load of about 1 ampere at all times 
on the +5 volt output. 

Power Supply Features and Specifications 

5 Volt Output 

• 20 Amperes output current 

• 0.2% line regulation (+20% line variation) 

• 0.4% load regulation (no load to full load) 

• < 1 00 mVp-p ripple and noise at full load 

• Output over-current protection 

• < 0.5 ms transient response time (no load to full load) 

• Over-current protected 

15 Volt Outputs 

• 1 Ampere output current each 

• 0.2% line regulation 

• 1.0% load regulation 

• < 10 mV ripple 

• Short circuit current limiting 

VN4000A Features 

• 400 volt BVqsS 

• < 1 ohm on-resistance 

• < 100 ns switching times 

• Rugged safe-operating area 

• No secondary breakdown 
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Part # 


Quantity 


Description 


Kecomm ended Mtg. 










Resistors 








Ri 


1 


5.1 K« ±5% 1/4 W Resistor 


Allen Bradley 


R 2 ,R 6 ,R 9 ,Ri 2 ,Rl3,Rl5,Rl9 


7 


1 I02 ±5% 1/4 W Resistor 




R 3 ,R 7 


2 


330 n ±10% 1/2 W 




R4 


1 


33 K ±10% 1 W 




R5,R8 


2 


50 n ±5% 1/4 w 




Rio 


1 


' O i £>£4f J I . _ _ _ I 

500n±10%Trimpot 






1 


1.2 KQ. ±5%1/4W 




R 14 ,R 17 


2 


100K.fi ±5% 1/4W 




R16.R23 


2 


470 fi ±5% 1/4 W 




Rig 


1 


20 Kfi ±5% 1/4 W 




R20 
R21 


1 


18fi±10% 1 W 




1 


100 n ±5% 1/4 w 




R22 

il 

R 24 


1 


180 n ±5% 1/4 w 




1 


100 fi ±10%Trimpot 




Capacitors 








C] 


1 


0.001 juF Ceramic Disc 




c 2 


1 


0.05 mF Ceramic Disc 




ca.CM.Cie.cn 


4 


0.1 jiF, 25 V Ceramic Disc 




c 4 


1 


1 .0 mF, 25 V Electrolytic 




Cs 


1 


710 mF, 200 V Electrolytic 
(32D) 


Sprague 


C6,C8,C 9 
C7 


3 
I 


47 mF, 25 V Electrolytic 
1.0mF,400VTRW-35 


TRW 


ClO.Cn 


2 


2mF, 25 V Tantalum 




Cl2 


1 


200 pF Mica 




Cl3,Cl9 


4 


220 /jF, 10 V Tantalum 


Mallory 227K010P1G 


CIS 


1 


5 pF Mica or Ceramic 




Cl8,C 2 l,C 22 


3 


0.01/LiF, 5KV Ceramic 




Cl9 


1 


10 mF Electrolytic 




C20 


1 

1 


0.0 /ir electrolytic 




Integrated Circuits 








IC1 


1 


TL494 PWM IC 


Texas Instruments 


IC2 


1 


CA3130 Op- Amp 


RCA 


IC3 


nrirt '{xoq3 I 


TL430 Voltage Reference 


Texas Instruments 
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Integrated Circuits (continued^ 








IC4 


1 


M7815UC +15 V Regulator 


Fairchild 






(MA /olzUC +12 V) 


Fairchild 


IC5 


1 


AiA79 1 5UC - 1 5 V Regulator 
(MA7912-12V) 


Diodes/Rectifiers 








D 1 ,D 3 -D 6 ,D 14 ,D 1 5 


6 


1N4 148 Diode 


Motorola 


D 2 


1 


lN4107Zener 


Motorola 


D7-D10 


4 


1N5 804 Fast Recovery 


Unitrode 


Dll,Dl2 


2 


1N5831 Schottky 


Unitrode 


Dn 


4 


1N5406 Rectifier 


Motorola 


L 


1 


1N5360 Zener 


Motorola 


Transistors 








Ql,Q4 


2 


2N4400 


Motorola 


Q2.Q5 


2 


2N4403 


Motorola 


Q3 


1 


MPSU10 


Motorola 




2 


VN4fif)fiA MOSPOWFR FFT 




Ferrites & Accessories 








Tl 


, 


Fl 146-1-06 Pot Core 


Indiana General 


T] Bobbin 


, 


B475-1 


Indiana General 


T 2 


1 


IR8031-1 


Indiana General 


T2 Bobbin 


1 


B680-2 


Indiana General 


T3 


! 


BBR7727-1 Toroid 


Indiana General 


Li Li 


2 


Fl 146-1-TC9-315 


Indiana General 


L 3 


1 


F2037-1-TC9 


Indiana General 


Miscellaneous 








Opto 1 


1 


HI 1A1 Opto-Isolator 


G.E. 


THi 


1 


3D304 Thermistor 


Midwest Components, Inc. 


Fj 


1 


2 A Fast Blow Fuse 


Buss 


TO-3 Heat Sink 


2 


LAT03B5CB 


IERC 


TO-220 Heat Sink 


2 


LAD66A4CB 


IERC 


TO-3 P C. Sockets 


4 


LSG-3DG2-1 


Augat 


Dn,Di2Heat Sink 


1 


E240-001 


IERC 


Output Banana Jacks 


5 






3-Wire Line Cord 


1 






Fuse Block for F[ 


1 






Transformer Tape 




Type 10 Epoxy Film 


3M 


Copper Foil 




Type 1194 


3M 
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Circuit Board (Top Side) 
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Application nuie MN/r i 

A 500 KHz Switching 
Inverter for 12 V Systems 



This note describes the design of a 12 V to ±20 V inverter. 
The design is of the flyback type, made much more prac- 
tical by the use of VMOS devices running at a high switch- 
ing rate. It is an energy transfer circuit, not a voltage or 
current transfer circuit: the output power is maintained at a 
constant level for a given pulse width-modulator (PWM) 
operating point. If the load requires less current, the output 
voltage will soar. Conversely, if the output current demand 
increases, the output voltage will sag to maintain the 
constant output power (V x I). This contrasts sharply with 
conventional circuits that deliver a constant output voltage 
per PWM operating point. Maintaining constant power per- 
mits simplified circuitry with reduced magnetic and filter 
requirements. 

The principles of operation may be described by the basic 
circuit shown In Figure 1, which includes the pulse width 
modulator (PWM) control circuit; the high frequency MOS- 
POWER FET Switch; the flyback circuit inductor (L), diode 
(D) and capacitor (C); and an error amplifier. 



At the heart of this design is the PWM control circuit 
which provides the control pulse to the VMOS Power Switch 
in the flyback circuit. The output of the PWM is a pulse 
whose width is proportional to the input control voltage 
and whose repetition rate is determined by an external 
clock signal. To provide the control input to the PWM and 
to prevent the output voltage from soaring or sagging as the 
load changes the error amplifier and reference voltage com- 
plete the design. They act as the feedback loop in this 
control circuit much like that of a servo control system. 
Pertinent waveforms are given in Figure 2; 2a describes the 
conditions that exist at 50% (maximum) duty cycle and 2b 
describes those at a low duty cycle. 

Operation is as follows: 

I, Between to and t] the VMOS is turned on and applies 
the supply voltage across L. The drain current is closely 
approximated as I]_ = t x Vg/L and the final current 
IL (peak) = (tj - to) Vg/L. The energy stored in L is 
EL = (M 2 - t 2 ) V S 2 /2L. 



CLOCK t t t 
EDGE | | |_ 



TIME - 



CLOCK 




Figure 2b. 



2. At the instant of tj the VN64GA is turned off and its 
drain voltage increases to the voltage on C plus the for- 
ward voltage drop of D because of the inductor L. This 
works well when VouT ' s much larger than Vg and 
permits nearly all of the energy stored in L to be trans- 
ferred to C with no large current or voltage spikes. 

3. Between to and t3, no net DC current flows through 
L, and VjjraIN tends toward Vsupprjy. although 
a ringing will occur between L and the capacitance of 
the VMOS and D. The cycle is repeated at a frequency 
fCLOCK- sucn that the power drawn from V§ is 
(1/2 (ti-t )2 V2 s )/f CL0 CK. 

'1 - '0 

If we let the duty cycle & = =5 (t| - to) fCLOCK. 

1 S V 2 s(ti - to). 

where fCLOCK = • then Pin = £ 

<3 - to 2 

If 5 = 1/2 max, then Pin max = V 2 S /8L fCLOCK 

The peak current through the VMOS will closely be 

4 pqut 



r?V S 



; and the value of inductor L will be rjV 2 s/ 



8 'CLOCK P0UT- wr| eier) is the overall power efficiency 
of the circuit. 



The power losses in the circuit are. in order of importance: 

A. (ft)) 2 RDS 1oss the VMOS switch 

B. lLOAD Vf loss in the catch diode D 

C. Transient charge losses in D due to a slow turn-on 
characteristic. This actually allows many volts of for- 



ward bias on D just at time Tj while the diode is at- 
tempting to turn-on. Turn-off losses are not important 
in this circuit. 

D. Loss in L due to hysteresis and saturation effects. 
The inductor is required to pass all of I = 4Pout/'7 
VguppLY- which usually results in magnetic satura- 
tion and losses. Fortunately, the higher frequencies 
allow fewer turns on L, reducing the number of turns 
and (SUPPLY product, and the core material of L can 
be high-frequency ferrite, which is less prone to satura- 
tion (for a given inductance). 

E. Simple CsTRAY v2quT fCLOCK losses, where 
CSTRAY includes Crjs of the VMOS and Co of the 
rectifier. 

Figure 3 is the schematic of a simple 35 watt inverter 
designed to produce ±20 V regulated outputs from 12—16 
volt inputs. U] is a simple Schmitt-trigger oscillator with 
a nominal 50% duty cycle. This duty cycle waveform 
buffered into Q5 by Q4 and U2 through runs the 
system at full output power. 

The duty cycle is reduced to stabilize the output voltage 
by the feedback amplifier Q2 and its 18 V zener. Q] 
and its associated diodes switch Qt's discharge current 
away from C during the discharge period of the trans- 
formers field, and allow it to shorten the period in which 
primary current is drawn through the transformer. Q3 and 
its 21 V zener prevent the output from soaring (if a fault 
condition occurs in the feedback regulator) by simply 
clamping Qs's gate drive. 

L is wound on a ferrite core; I used a wideband toroid 
1 1/2" in diameter with a cross-sectional area of about 
1/10 in2. The resistance of the winding should be held 
to less than 1/20 J2; #22 wire is adequately large. 
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14 Volt, 4 Amp Battery 
Charger/Power Supply 

Very low drive power makes MOSPOWER FETs more desira- 
ble than bipolar transistors in this simple, minimum-parts- 
count battery charger. A low-power operational amplifier is 
used to control the VN64GA. A power bipolar transistor in the 
same circuit would require over 100 mA of base current and a 
much more complicated drive circuit thus reducing overall 
efficiency and increasing circuit complexity. 

Operational amplifier Ai directly drives the VN64GA with the 
error signal to control the output voltage. Peak rectifier Di, 
Ci supplies error amplifier A[ and the reference zener. This 
extra drive voltage is necessary because the VMOS gate voltage 
must exceed its source voltage by several volts for the 
VN64GA to pass full load current. 

The output voltage is pulsating DC which is quite satisfactory 
for battery charging. To convert the system to a regulated DC 
supply, capacitor C2 is increased and another electrolytic 
capacitor is added across the load. The response time is very 
fast, being determined by the op-amp. 

The 2N4400 current limiter circuit prevents the output current 
from exceeding 4.5A. However, maintaining a shorted condi- 
tion for more than a second will cause the VN64GA to exceed 
its temperature ratings. A generous heat sink, on the order of 
1 °C/W, must be used. 




400 Volt, 60W Push-Pull 
Power Supply 

An increase in dc/dc-converter efficiency is achieved by using 
MOSPOWER® FETs in the power stage. Because the FET's 
drive requirements are low, a standard switching-regulator 1C 
can provide both control and drive functions. 

The design shown delivers a regulated 400V, 60 W output. The 
TL494 switching regulator governs the operating frequency 
and regulates output voltage. Ri and Cj determine switching 
frequency, which is approximately 0.5RC— 100 kHz for the 
values shown. 

The TL494 directly drives the FET's gates with a voltage- 
controlled, pulse-width-modulated signal. Each FET requires 
only 10 mW; the remaining drive power is dissipated by the 
turn-off resistors, R2 and R3. Operating in a push-pull con- 
figuration, the FETs switch primary current on in about 150 ns 
and then off in 300 ns. These short switching times— about a 
tenth of equivalent bipolar devices — and the resulting high 
operating frequency permit using physically small reactive 
components. 

After full-wave rectification, the output waveform is filtered 
by a choke-input arrangement. The 1-jiH, 75-/tF filter accom- 
plishes the job nicely at 100 kHz. A feedback scheme using R4, 
R5 and Rg provides for output-voltage regulation adjustment, 
with loop compensation handled by C2. Diodes D\ and D2 
provide isolation and steering for the 33V zener transient 
clamp, D3. 

Output regulation is typically 1.25% from no-load to the full 
60W design rating. Regulation is essentially determined by the 
TL494. Output noise and ripple consists mainly of positive and 
negative 0.8V spikes occurring when the output stage switches. 
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NOTES 



<h UNLESS OTHERWISE NOTED. 

ALL RESISTORS 5%. 'AW 

ALL CAPACITOR VALUES IN MICROFARADS. 25V 

O, & 2 : VN64GA ON HEAT SINK 

D, & D 2 : 1N4B31 

D 3 : 33V, 3W ZENER 

T,: PRI: 12T, CT, NO 18 AWG 

SEC: 275T, NO 24 AWG 

CORE: IND GEN 8231-1 



Siliconix 



6-41 



Self Oscillating Flyback 
Converter 



Positive Input/Negative 
Output Charge Pump 



A low-power converter suitable for deriving a higher voltage 
from a main system rail in an on-board application is shown 
below. It uses the core characteristics to determine fre- 
quency. With the transformer shown, operating frequency 
is 250 KHz. Diode Dj prevents negative spikes from occur- 
ring at the VMOS gate, the 100 J2 resistor is a parasitic 
suppressor, and Zj serves as a dissipative voltage regulator 
for the output and also clips the drain voltage to a level 
below the rated VMOS breakdown voltage. 




TRANSFORMER: 

INDIANA GENERAL CORE F626 12 Q 2 

26 TURNS NO. 28 WIRE TRIFILAR WOUND 



- 

■ 




A charge pump is a simple means of generating a low -power 
voltage supply of opposite polarity from the main supply. 
The 74C14 IC is a self oscillating driver for the VMOS 
power switch. It produces a pulse width of 6.5 lis at a 
repetition frequency of 100 KC. When the VMOS device 
is off, capacitor C is charged to the positive supply. When 
the VMOS transistor switches on, C delivers a negative 
voltage through the series diode to the output. The zener 
serves as a dissipative regulator. Because the VMOS transis- 
tor switches fast, operation at high frequencies allows the 
capacitors in the system to be small. 



+7 TO +18 V 
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Don't Trade Off Analog Switch Specs. 
VMOS-A Solution to High Speed, 
High Current, Low Resistance 

Analog Switches 



■ 



INTRODUCTION 



For analog switches, Vertical MOS (VMOS) transistors give 
you a nearly ideal combination of characteristics— without 
the tradeoffs required by the more conventional com- 
ponents. These devices are now available from two Ameri- 
can suppliers: Siliconix and its licensee, Semtech. 

Unlike the commonly used N-channel JFETs. VMOS chips 
that handle more than a few hundred milliamps are also 
small enough for economical production. Smaller chips 
lead to lower inherent capacitances. Moreover, the basic 
VMOS structure provides lower ON resistance. 

Some analog switches use relays, bipolar transistors and 
even triacs. Although electromechanical relays offer the 
lowest ON resistance initially, their ON resistance will 
vary with current and degrade with use. Also, relays suffer 
from mechanical 1 



Bipolar transistors require base-drive current that causes 
offset in the switched analog signal. Triacs are only suitable 
for switching raw power: for analog switching, they intro- 
duce too much offset and non-linearity although they 
easily handle high power. 

VMOS Offere 



VMOS devices aren't limited by any of these disadvantages. 

They can switch 10 W, linearly, over a wide dynamic range. 

In addition, VMOS input impedance is very high, and only 

input voltage (no current) turns the transistors OFF or ON. 




And since the drain-to-source channel is purely resistive 
while ON, you get low distortion. 

VMOS transistors in analog switches offer several more 
advantages, including 

• 1.8 f2 ON resistance, which results in low insertion loss 
in low-impedance systems 

• 2.0 A DC current capability— paralleling three VMOS 
devices increases this capability to 6.0 A and unlike 
other devices, paralleled VMOS do not require power- 
wasting ballast resistors 

• 3 A peak current, which makes VMOS super for driving 
capacitive lines and quickly charging and discharging 
capacitors in high speed A/D converters, sample and 
hold circuits, and integrators 

• 60 dB isolation at 10 MHz and 500 nA DC leakage in the 
OFF state 

• Enhancement-mode operation with a 0.8 to 2.0 V 
threshold, which gives VMOS direct compatibility with 
CMOS and TTL. And the logic gates aren't loaded by the 
VMOS. 

• Linear ON resistance, which results in low total harmonic 
and intermodulation distortion 

r. % c i: r»b " f ; ftrr* VrtO «l -i-iO :T»tt m»\it i^t ^Aflt^lA-f'i 1 ^ 
What's more, all these capabilities come in a TO-202AA 















Reprinted with permission from ELECTRONIC DESIGN, ©Hayden Publishing Co., Inc., 1977. 
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^* Examine the output characteristics of a low resistance 
^ VMOS device like the Siliconix VN46AF. A look at the 

transfer characteristic in Figure 1A reveals that varying the 
^ gate-to-source voltage from to +10 V switches the 

VN46AF from OFF to ON-with a 3 S2 ON resistance. 

From the curve you can see that the device turns OFF 

well before zero volts, which eases interfacing with logic. 

In the VN46AF schematic in Figure IB, note that the body 
and source are internally connected. Figure 1C and ID, 
respectively, show simplified models of the VN46AF's OFF 
and ON states. Diode D] is the body-to-drain PN junction. 
When the VN46AF is OFF, its drain current vs drain-to- 
source voltage characteristics (Figure IE) is essentially the 
curve for Di . 

The breakdown for Di is 40 V, and the diode exhibits 
forward conduction for drain-to-source potential as low as 
- 0.6 V. This diode therefore constrains the analog voltage, 
which a simple switch (one VMOS transistor) can handle, 
to between -0.6 and +40 V. 



When the VN46AF is ON, a2!J resistance is in parallel 
with Di. Maximum continuous current in either direction 
is 2.0 A, even though the diode is forward-biased for 
currents over 0.5 A. 

One VMOS Device Makes an Analog Gate 

VMOS characteristics are put to good use in the analog 
switch of Figure IF. In the ON state, the gate of the 
VN46AF is positive with respect to the source. In the 
OFF state, the gate-to-source voltage is zero. The 2.0 A 
capability and the 3 Jl ON resistance of the VMOS 
transistor can be fully exploited in this circuit. The input 
signal, however, is restricted to positive voltages and must 
always be greater than the output voltage. Otherwise, OFF 
isolation is impaired. 

Both ON and OFF switching takes 200 ns; charge feed- 
through during the ON-to-OFF transition is 80 pC with 
a 50 load. Charge transfer is, of course, especially impor- 
tant in sample and hold systems. For example, 80 pC into 
0.01 uF causes an offset of 8 mV. 




BODY 

1ST 

1 



D-i (BODY-DRAIN 
DIODE) 



Schematic Symbol of VN46AF 
I I I M l Figure 1B 



V GS - GATE-TO-SOURCE VOLTAGE (VOLTSI 

Figure 1 A 



DO-W- 



Equivalent OFF Condition (Vqs = 0' 
Figure 1C 



ON STATE 

-wv — • — OS 
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A Simple Unidirectional VMOS Analog Switch (vj > v G ) 
Figure 1F 



Small Signal Characteristics of VN46AF 
Figure 1E 



The VN46AF switches from OFF to ON with a 3 n drain-to-source resistance, when ts gate-to-source potential swings from O to +10 V. 
The device turns OFF at about 1 V(A). Some VMOS transistors {B) carry an on board zt ler diode that protects the gate-to-source junction. 
A VMOS transistor is equivalent to two diodes in the OFF state (C), when the gate-to-source vottage is less than the threshold value. The 
equivalent diode, Di is shunted by 3 SI when the VMOS device is ON (Dl, with the gate-to-source potential at +10 V. The small signal drain- 
to-source voltage vs current characteristic (E) is essentially determined by the body-to-drain diode. The input is restricted to positive voltages 
in the single- VMOS analog gate (F). 

Figure 1 
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In Series, They Switch Both Polarities 



To increase the switch's dynamic range, connect two 
VN88AF's in series (Figure 2A). In the ON state, both 
halves of the DG300 analog switch are open, so the gates 
of both VN88AF's are pulled to +15 V through the 10K S2 
resistor. The ON resistance of this analog switch is twice as 
high as the drain-to-source resistance of a single VN88AF. 
The maximum current that this two-transistor switch can 
handle is the same as that for a single-transistor switch 
(2.0 A). 

The switch is turned OFF by shorting the gates to the 
negative supply, thereby reducing the gate-to-source voltage 
to less than the threshold of 0.8 V. The second section of 
the DG300 adds 30 dB OFF isolation by shunting the 
signal-leakage path (through both sources) to the negative 



supply. OFF-isolation curves (Figure 2B) show that the 
DG300 raises the circuit's isolation and that decreasing the 
load resistance increases isolation. 

Since the two transistors are back-to-back, one body-to- 
drain diode is always reverse-biased. This eliminates the 
OFF-state problem caused by forward-biasing the diode. 

Since the bidirectional switch's gate drive is referenced to 
a fixed supply, its ON resistance varies with the input 
analog voltage (Figure 2C). This variation introduces 
distortion when you're driving low-impedance loads such as 
speakers or transmission lines. For constant ON resistance, 
use the circuit in Figure 3A. 
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A General Purpose Bidirectional Analog Switch 
Figure 2A 




ON resistance is doubled in the two-VMOS switch (A), but inputs of both polarities are handled without losing isolation. The DG300 analog 
gate (B) raises the circuit's isolation by 30 dB. Decreasing load resistance also improves isolation. With the gate drive referenced to a fixed 
voltage (C), the ON resistance varies undesirably with the input, and generates distortion, especially with low impedance loads like speakers 
and transmission lines. 

Figure 2 
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Bootstrapping Adds Linearity 

In the ON state, a bootstrap voltage that tracks the input 
drives the gates of the VN88AF's. This bootstrapping keeps 
the VMOS's gate-to-source voltage constant and independent 
of the input signal. So, changes in the input-signal level do 
not modulate the ON resistance of the switch. 

The buffer circuit reduces the computed total harmonic 
distortion from 1.5% to 0.005%. for 8 Vrms at 1 kHz into 
50 n (Figure 3B). The popular 10 n DG186 JFET analog 
switch generates a higher total harmonic distortion of 
about 2%. 

The two buffer circuits shown in Figures 3C and 3D isolate 
the input signal and employ a zener diode to provide a 
fixed gate-to-source voltage. The general-purpose buffer of 



Figure 3C has a flat frequency response of up to 300 kHz 
and accepts inputs ranging between ±15 V. The buffer of 
Figure 3D, VN66AK source follower, has its frequency 
response extended to 50 MHz and, when operated from 
±30 V supplies, increases the signal range to ± 30 V. 

The VN66AK and VN88AF do not have on-board zener 
diodes like the VN66AF transistor. At the expense of 
the diode protection, the VN66AK and VN88AF gain 
lower capacitance from gate-to-source and reduced DC 
"see through" from driver to signal path. Bootstrapping 
the switch's gate circuits with a buffer permits the switch 
to operate with low distortion even as the signal amplitude 
comes close to the positive supply voltage. 
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Low Distortion Constant ON Resistance Switch 
Figure 3A 
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Distortion Improvement Using 
the Buffered Analog Switch 
Figure 3B 
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General Purpose Buffer 
Figure 3C 



High Speed Buffer 
Figure 3D 



Bootstrapping the gate and input cuts distortion by holding the ON resistance constant (A). The buffered bootstrap circuit (A) distorts less 
than either a JFET or a nonbootstrapped VMOS analog switch (Bl. A general-purpose buffer (C) using the LM310 op amp is suitable for 
low speed switches, but when you need a fast analog switch, use the VN66AK buffer (D). In addition to speed, this buffer gives you increased 
isolation. 

Figure 3 
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MOSPOWER FET Devices Parallel Without Padding 

Paralleling devices lowers the total ON resistance. For 
example, three paralleled legs, each with two VN46AF's in 
series, make a 1 H switch (Figure 4A). Because VMOS 
devices are immune to current hogging, no ballast or 
balance resistors are needed. Negative tempcos, a VMOS 
feature, cause these devices to draw less current as they 
heat up. As a result, excess current is automatically shared 
by paralleled VMOS devices. 



Paralleling three VN46AF's not only decreases ON resis- 
tance, but also increases the current capability to 6.0 A 



and extends the linear range of the large signal transfer 
characteristic from 0.3 to 1.2 A (Figure 4B). 

The voltage range of the basic analog switch can also be 
increased. Simply use a higher breakdown VMOS unit 
(Figure 5). The VN98AK's have a 90 V breakdown, which 
allows up to ±40 V of voltage swing capability. However, 
these higher voltage devices do carry a penalty-the ON 
resistance is higher: 3.5 S2 vs 3.0 J2 for the VN46AF. Zener 
diode D] limits the gate-to-source potential to 30 V, and 
thereby prevents a possible gate-oxide rupture. Diode 
CR1 10 limits the current from the 50 V gate-bias supply. 
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Ultra Low Resistance Switch (1 Ohm) 
Figure 4A 
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Large Signal Transfer Characteristics 
Figure 4B 



No ballast or balance resistors are needed when VMOS devices are paralleled (A) because negative tempcos immunize them from current 
hogging. Paralleling extends the linear range from 0.3 to 1.2A <B) as it decreases the ON resistance of the analog switch to 1 n and increases 
its current-handling capability to 4.5 A. 

Figure 4 
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90 V Peak to Peak Analog Switch 

You pay for 90 V breakdown in the VN98AK with 
3.0 il ON resistance, which allows swings of 40 V. 
The zener diode limits the gate to-source potentials 
to 30 V. 

Figure 5 
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of 50 ns. At 10 MHz, isolation is 60 dB with a 20 V 
pk-pk input signal. Insertion loss is only 1 dB with a 50 S7 
load (Figure 6B). The gain vs input power curve in Figure 
6C shows that the RF analog switch using VN66AK's 
can put 1 W into a 50 U load at 14 MHz. The two-tone, 
third order, intermodulation product curves show a 42 dB 



Turn-ON time of the switch (Figure 6D) is determined by 
the passive pull-up resistor combined with the capacitance 
at the gates of the VN66AK's. The negative turn-OFF 
transient is caused by charge-coupling to the output 
through the output capacitance of the VN66AK. 
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Switching Response of RF Switch into 50 Ohm Load 
Figure 6D 

The VN66AK switches high power at RF (A). At 10 MHz, a 20 V pk-pk signal is attenuated by 60 dB and the insertion loss is only 1 dB into 
50 n and 10 pF (B). Third-order intermodulation distortion is given by the 42 dB intercept point, and 1 dB gain compression occurs at 
25 dBm input for 14 MHz (C). The negative turn-OFF transient (D) is caused by charge-coupling to the output through the output capaci- 
tance of theVN66AK. 

Figure 6 



6-48 



High Current Analog 
Switches 



Design Tips 



For analog switches, MOSPOWER FETs provide an ideal 
combination of characteristics without the usual trade-offs 
inherent in more conventional components. Bipolar transis- 
tors require base current that causes offsets in the switched 
analog signal. Triacs also produce an offset and can only 
be used to switch AC or interrupted DC signals. MOS- 
POWER FETs provide none of these disadvantages. In the 
on-state, MOS looks resistive thus providing no offset voltage 
and very low distortion. 

Either ground referenced or high-voltage isolated bidirec- 
tional analog switches can be configured with VMOS. Drive 
circuits are simple because VMOS drive power requirements 
are minimal. The very low on-resistance of the VN64GA 
makes it an ideal choice for analog switch circuits. 




/N64GA I 1 



r 



Ground Referenced Analog Switch 

The circuit above shows a ground referenced, bidirec- 
tional switch with a signal range of ±18 volts for currents 
up to 12.5 amperes. Two VMOS devices are necessary to 
enable current control in both directions. This is not pos- 
sible with a single device because of the drain-source diode 
which is inherent in the VMOS devices. Input signal range 
for this switch is limited by the maximum allowable gate- 
source enhancement voltage of ±30 volts. Since 12 volts 
enhancement is required for 12.5 amperes output, then 
±18 volts is the maximum signal range. Higher voltage 
inputs begin to turn off the VN64GA at the positive 
signal peaks thus limiting the VMOS to pass less current. 
Turn-on is accomplished by driving the gates high (+30 V) 
and turn-off by driving the gates low (-30 VJ. Off isolation 
is enhanced by biasing the common source node at -30 
volts. This has the effect of shunting to ground any signal 
that feeds through the VMOS drain-source capacitance. 



Isolated gate drive is required to operate the analog switch 
over its full ±60 volt operating range. One way to accom- 
plish this is to use a transformer isolated drive in a DC to 
DC converter as shown below. The transformer can supply 
high voltage isolation, thus allowing the analog switch to 
operate as a true isolated switch up to thousands of volts 
above ground. 

The oscillator, buffer and control functions are all per- 
formed by a single hex CMOS Schmitt trigger. The oscillator 
is gated on or off from a CMOS compatible input signal 
controlling the input Schmitt trigger. The VN64GA's input 
capacitance acts as both filter and storage capacitor for the 
half-wave rectified oscillator control voltage. Turn-on time 
of the analog switch depends on the oscillator frequency 
and is typically 10 microseconds for a 1 MHz oscillator. 

When the switch is on, JFET Qj is biased off by the neg- 
ative supply Dj, C] and therefore has no effect on op- 
eration. When the oscillator is turned off, Qi loses its 
bias and turns on, thus shorting the VMOS gate to source 
for fast turn-off. 
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A One-VMOS Analog Switch 

V 



Using four diodes in an array as shown allows using only 
one VMOS transistor for analog switching. Current flow is 
controlled keeping the source-base connection of the VMOS 
towards the load [the importance of this is stressed in 
AN77-2] . Be sure to use diodes capable of handling the 
load current and be sure to use a VMOS transistor whose 
breakdown voltage specification exceeds the peak analog 
voltage anticipated. 

Operationally, by increasing the gate-to-source bias voltage 
the VMOS turns on. For applications other than either full 
on or full off, care must be taken not to exceed the dissipa- 
tion of the VMOS transistor. A suitable heat sink cannot be 
overstressed in such applications. 
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Technical Article TA82-1 



The Autobias Amplifier 

A new topology for automatically biased 
audio amplifiers using power MOSFETs 



ABSTRACT 



An obstacle blocking wide acceptance of power MOSFETs in 
audio amplifiers is the lack of an automatic bias technique. A 
unique circuit topology senses and maintains quiescent current 
despite the half-wave pulses inherent in class AB operation. 
Performance of the circuit, consisting of little more than a dif- 
ferential amplifier driving a totem pole output, rivals that of 
more complex circuits. 

INTRODUCTION 

Vertical Power MOSFETs (VMOS) offer a number of signifi- 
cant improvements in the characteristics of interest for 
amplifiers as compared to their bipolar counterparts, namely: 

1. VMOS transistors are comparatively immune to second 
breakdown because no transverse current flow exists, as in 
a bipolar, to cause current concentrations. Therefore, no 
complex power limiting or protection circuitry is needed. 

2. The temperature coefficient of transconductance is 
negative. Consequently, design of thermally stable circuits 
is easy and devices may be readily used in parallel for in- 
creased output current. 

3. The transfer curve (Id vs. Vqs) > s linear over most of the 
operating current range of the transistor which produces a 



low distortion output. Furthermore, the curvature which is 
present adheres approximately to a squarelaw, so that the 
resulting even-order products may be cancelled by a push- 
pull connection. 

4. The capacitances are low which allows high frequency 
open-loop response. Also, FETs do not exhibit minority 
carrier storage time since conduction is solely by majority 
carriers. Consequently it is simple to build amplifiers which 
do not exhibit the various forms of transient distortions. 

The chief problem in using VMOS is providing the proper 
biasing. The average gate voltage must be held a few volts 
positive with respect to the source, depending upon the current 
desired and the characteristics of the transistor, especially the 
threshold voltage. Unfortunately, threshold voltage not only 
shows a dependence upon temperature (approximately 
6mV/°C), but is subject to lot-to-lot variations. Consequently, 
some kind of feedback scheme must be used to maintain the 
idle current despite variations on the order of 2 volts in the re- 
quired gate voltage. The unresolved problem to date is how to 
sense the output idle current in the presence of the high current 
half-wave pulses which occur under class AB operation. The 
solution of this problem is the subject of this article. 



Reprinted by permission of the Audio Engineering Society, April 1982. 
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in Figure 1 . In this scheme, the bias idle current is maintained 
by comparing the voltage obtained from the current sense 
resistor to a reference level. When the signal is large enough to 
cause cut-off of the current on negative half-cycles, thereby 
producing an asymmetrical waveform, the peak clipper and 
filter produce a voltage which is substantially the same as the 
zero signal level, regardless of the amplitude of the peak cur- 
rent. For proper operation, the dc level caused by the idle cur- 
rent must be set to one-half the level of the peak output from 
the clipper as shown in Figure 2. Note that the current 
waveform of Part A has an average level proportional to the 
peak current while the output from the clipper remains essen- 
tially constant as shown on B. Proof that this scheme really 
works will be given with the data obtained from the practical 
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Automatically Biasing (Autobias) Scheme for 
Single Supply Class AB Amplifiers 
Figure 1 




FFFP 



_ CLIPPING 
LEVEL 



- Vavg 



Waveform of a) One Output Transistor Current and b) The 
Clipper Output. The Varying Average Level of the Current Wave 
Causes Negligible Shift in the Average Level of the Clipper. 
Figure 2 



which would fully utilize the advantages of MOSFETs and not 
require any adjustments. Consequently, a direct coupled 
scheme using complementary devices, so much in vogue with 
bipolar amplifiers, was rejected as being too complex, espe- 
cially when a second differential amplifier to control the quies- 
cent current would have to be added. In addition, p-channel 
FETs suffer from the severe disadvantage that holes are lower 
mobility carriers than electrons. The practical result is that to 
produce a p-channel FET with gain equivalent to a given 
n-channel FET, the die area must be about twice as large, caus- 
ing a corresponding increase in capacitances and higher cost. 
The topology chosen is a direct implementation of the block 
diagram shown in Figure 1. As shown in Figure 3, the circuit 
using npn transistors and n-channel FETs consists of a differ- 
ential amplifier driving a push-pull totem pole output con- 
figuration. The diff-amp controls the bias current of Q4 which 
acts as a current source for Q3. This arrangement necessitates 
a.c. coupling to the load even if a split supply were used 
because the voltage at the drain of Q4 is affected by several 
component values. 

Bias is accomplished by comparing the voltage drop across 
R21 to the voltage from the reference diode, Di. To achieve 
accuracy in setting the bias, the dc resistance in the base cir- 
cuits of Q] and Q2 must be equal (i.e., Rio in parallel with 
R] ] = R2+ Rl6+ Rl7 an d 'he hpE of Ql and Q2 should be 
matched. Matching of Vug is not important because of the 
drops across R3 and R4 and the base circuit resistance. Should 
the current in Q4 tend to increase, the resulting drop across 
R21 coupled to Qi lowers its collector voltage (Vci) which is 
coupled through Rg to the gate of Q4, thereby holding the cur- 
rent of Q 4 nearly constant. 

Under large signal conditions, the high current peaks must be 
clipped and the waveform filtered. The best place to clip is 
right across R21 . Diode D3 performs this function and also 
provides dynamic bypassing. In this location, power output is 
maximized, as the total voltage loss across the diode is only 
about a volt. Total harmonic distortion also is less with the 
diode in this position; apparently the decreasing diode incre- 
mental resistance with increasing current compensates for a 
nonlinearity in the VMOS. The diode introduces a generous 
number of low level high order harmonics, but a considerable 
reduction of the second and third harmonics occurs. R]8 and 
R20 often can be chosen to achieve a minimum in the total har- 
monic distortion; their value determines the composition of 
harmonic content. R[g, R19 and D2 balance both halves of the 
push-pull stage. At low signal levels, particularly when Q3 and 
Q4 are not well matched, R19 and R21 cause a reduction in 
even-order distortion products. The resistor R17 and diode D4 
form a second stage clipper which keeps the peak output quite 
constant regardless of the audio signal level across R21. R]6 
and C5 form a low pass filter to prevent the clipped waveform 



•Patent pending. 
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To provide maximum power output from a given supply, the 
dc ievel at the drain of Q4 (Vr>j) must be one-half of the 
power supply voltage (V^) at full signal output. This level is 
controlled by the divider composed of R13, Rs and R9. The 
level Vrj4 is thus determined by the fixed level placed on the 
gate of Q3 minus the \q$ drop of Q3, which usually is consis- 
tent within two volts from a given VMOS production line. 

■ 

The differential amplifier acts as a voltage comparator to 
maintain the dc bias level and as a phase splitter to drive the 
VMOS output transistors. The interstage circuits are some- 
what unusual. The load for Q2 is R7, but the signal from Q2 
must be referenced to the source of Q3 since it is driven as a 
common source amplifier. This is accomplished by the boot- 
strap circuit R13 and C4. To maximize R7 for higher gain, R13 
must be small, on the order of lKfl; this requires C4 to be 
about 400 11F for satisfactory low frequency response. 

Note that the divider composed of R% and R9 is also boot- 
strapped by C4 and R13 to provide benefits which are not 
generally obvious. The distortion is reduced slightly, but of 
more importance is the reduction of the turn-on current surge 
caused by charging the output coupling capacitor Cg. The time 
constant of R13 and C4 determines the surge magnitude and 
duration. 



Since current through R6 is supplied by a low valued constant 
current source, negligible loss in dc gain occurs through the 
coupling network. However, capacitor C2 is needed to prevent 
high frequency rolloff caused by the time constant composed 
of the input capacitance of the VMOS and Rg. 

A feedback signal is developed by the R23-R24 divider and ap- 
plied to the base of Q2 via C7. Resistor R22 works with R23 
and R24 to set the voltage Vrj4 to half of V\ during trouble- 
shooting and these resistors also perform the function of a 
bleeder for the power supply filter capacitor. Resistor R25 in- 
sures that the output coupling electrolytic (Cg) has a charging 
current path should the amplifier be turned on with speakers 
disconnected. Feedback could be taken from a tap on R25; 
this lowers distortion at low frequencies but overload recovery 
is poorer. 

Since VMOS is not plagued by second breakdown, involved 
overload protection circuits are not required. However, gain 
does not decrease with operating current, so enormous output 
current could be developed into a short circuit load. To pre- 
vent this, the zener diodes Z\ and Z2 are used to prevent ex- 
cessive gate drive. Although one diode per gate will limit the 
peak current, in some cases the circuit can cope better with 
large input signal overloads if two diodes are used in series. 
They should be chosen to allow equal positive and negative 
swings about the nominal idle gate voltage. 
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Since most VMOS devices have'a cut-off frequency in the giga- 
cycle range, parasitic RF oscillations can be troublesome. Most 
assemblies require an RF bypass C6, on the order of 0.22 (iF, 
physically connected as shown. In addition, R14 and R15 
(100ft or so) are included as parasitic suppressors. Ferrite 
beads could be used in place of the resistors. In either case, the 
suppressors should be mounted closely to the gate terminal. In 
addition, leads running to the gate terminal should be either 
shielded or used as a twisted pair with a ground lead. 

DESIGN CRITERIA 

In the simple circuit of Figure 3, primary tradeoffs occur be- 
tween output slew rate, input impedance, matching require- 
ments and bias point accuracy. For example, with a given pair 
of output transistors an increase of slew rate requires that the 
current in the diff-amp increases. The higher currents through 
the resistors in the base circuits of Qi and Q2 produce larger 
voltage drops with a greater likelihood of an error in the out- 
put idle current unless the hpg matching between Qi and Q2 is 
tightened or the values of the resistors in the base circuit are 
proportionally reduced. If the resistors are reduced, then to 
preserve the low frequency response, capacitors, Ci, C5 and 
C7 must increase at an added cost which becomes significant if 
values over 1 (iF are necessary, since it is desirable to avoid 
electrolytics. 

The values of the components in the bias feedback loop from 
R21 to the base of Qi should be proportioned in a particular 
manner, since both bias and audio signals are present at the Qi 
base. A large signal which overloads the diff-amp disturbs the 
idle current setting. Best recovery was empirically determined 
to occur when the capacitor values for Ci, C7 and C5 are 
equal and R2 is at least three times Rig. If C5 is made propor- 
tionally larger, the point where low frequency distortion starts 
to increase can be made lower; however, the idle current 
recovery waveform begins to assume the character of a 
damped oscillation. 

In order to prevent a significant portion of the dc level on C5 
from biasing the diode D4, Rig should be at least twenty times 
R17. R17 is chosen so that the clipped output voltage from D3 
sends a current through D4 such that the peak level from D4 
equals twice the open circuit level at the base of Q2. R17 
should be large enough such that the peak level across D4 is 
essentially constant regardless of the amount of current flow- 
ing through R21 and should produce the same current in D4 as 
is flowing in Dj when D] and D4 are the same type diode. 

Resistors R3 and R4 used in series with the emitters of Qi and 
Q2 provide two benefits. The dc drops across them lessens the 
VgE match required between Qi and Q2. In addition, since 
the diff-amp will normally operate slightly out of balance, 
these resistors tend to balance the gain through both sides of 
the diff-amp. Choosing them to be about twice the junction in- 
cremental resistance (25 0/lE(mA)) has yielded satisfactory 
results. 



Because the load resistor for Q2 is bootstrapped, the signal 
swing at the collector of Q2 with respect to ground slightly ex- 
ceeds the output peak-to-peak level which is close to the power 
rail voltage. Therefore, the quiescent level of the voltage VQ2 
must be above one half of the rail by at least 3 volts to avoid 
signal clipping or nonlinearity of the peak negative signal. 
Another 2 or 3 volts should be allowed for diff-amp un- 
balance. These requirements force the maximum value for 
RI3 + R7 to be ((Va/2)-6)/Ii, assuming that the current 
drawn by the Rg, R9 divider is negligible. To maximize gain 
and prevent diff-amp current fluctuations from significantly 
influencing the voltage at the gate of Q3, R13 should be small 
compared to R7; however, the smaller R13 becomes, the larger 
C4 must become in order to have adequate low frequency 
response and satisfactorily limit the turn-on current surge as 
Cg charges. 

R5 must equal R7 to keep the diff-amp in balance electrically. 
For thermal balance Vci should equal Vc2 by satisfying the 
equation (I] + l2)Rs = Il(R7 + Rl3>- R6 ' s chosen to place the 
proper gate voltage on Q 4 by consulting typical data for the 
particular VMOS being used. 

The correct value for VQ4 depends on the idle current required 
to minimize crossover distortion from the VMOS transistor. 
This is empirically determined and must be about 300 mA for 
the transistors used in the designs shown later. Using ordinary 
silicon diodes for the clippers yields a clipping level of 0.6 to 
0.7 volts depending upon the diode characteristics. This dic- 
tates that the reference level on the base of Q2 should be from 
.3 to .35 volts. If Rl0 = Rll an<i D I and D4 are the same type 
and operated at the same current, these requirements are met 
and a 1ft resistor for R21 will set the idle level between 300 and 
350 mA. To preserve the balance of the push-pull output, R19 
must equal R21 and correspondingly, R]8 = R20 and D2 = D3. 

- 

The value for R20 and R]g is empirically determined. If R20 is 
greater than twenty times R21, its effect on distortion and 
power output is negligible; the output spectrum will be rela- 
tively free of high order harmonics but maximum power out- 
put will not be achieved. As R20 approaches the value of R21, 
the "dynamic bypass" action becomes noticeable, power out- 
put increases and a marked reduction in 2nd and 3rd har- 
monics occurs. This results in a decrease of total harmonic 
distortion, but the output spectrum will have minute amounts 
of high order harmonics. The optimum value depends upon 
the VMOS characteristics as well as that of the bypass diode. A 
search for the optimum point is best done by operating the 
amplifier open loop, i.e. R24 shorted, and monitoring the out- 
put with a spectrum analyzer. The most acceptable spectrum is 
usually obtained with an R20 value slightly on the high side of 
that which yields the lowest THD. 

The remaining network to be designed is that of the divider Rg 
and R9. It sets the output level VD4. For symmetrical clipping, 
which yields maximum power output, the voltage at the gate 
must equal one-half the supply voltage at maximum power 

.'. ..8 
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output plus the nominal gate to source drop of the VMOS 
transistor and the drop across the source circuit network. The 
resistances can be in the megohm range, as the VMOS gate is 
essentially an open circuit. The value of C3 is chosen to have 
negligible phase shift in the frequency range of interest. Overly 
large values for C2 and C3, however, improve overload 
behavior when the zener diodes conduct due to excessively 
large low frequency signals. 

PRACTICAL APPLICATIONS 

During the development of the autobias scheme, two practical 
amplifiers were designed. The first is a 25 watt version intend- 
ed for home high-fidelity use, and the second is a 50 watt 
design of lesser power bandwidth intended for public address 
use. 

A 25 WATT DESIGN 

Figure 4 shows a practical 25 watt amplifier. Transistors are 
used for the current sources shown in Figure 3. Base drive for 
these transistors is derived from the main power supply V\, so 
that their collector current is proportional to the rail voltage. 
This feature holds the voltages on the diff-amp collectors close 
to The sensitivity of Iq to Va is about 3.4 mA/volt 

when Vb is held constant; the sensitivity of Iq to Vg is - 15 
mA/volt when \\ is held constant. In a practical amplifier 
with a non-regulated supply, variations in power output will 
cause fluctuations in V A , but will not affect Vjj; therefore, 
having Iq increase slightly with power output as discussed 
later will tend to compensate for the 3.4 mA/volt Iq/V a sen- 



sitivity. In the case of line voltage variations, since V A is about 3^* 
five times Vg, the sensitivities tend to cancel, leaving a net sen- 5^ 
sitivity of about 2 mA/volt. 1 

The circuit arrangement causes ripple cancellation to take 
place. Ripple from V A is applied via R5 and Rg to the gate of 
Q4. An out of phase ripple component is also applied to the 
gate via the current source Qg. By properly proportioning the 
filter components of the supplies V\ and Vg, output ripple 
can be reduced to a level acceptable for most applications 
without the use of unduly large capacitors or an extra filter 
section connected between R5 and The bootstrap capaci- 
tor (C4) effectively filters the ripple from the gate of Q3. The 
filter for V A should be at least 5000 /iF. 

The sensitivity of the VMOS quiescent current, Iq, to 
threshold voltage of the VMOS (VqS(TH)) depends upon the 
loop gain of the bias stabilization portion of the circuit. With 
the components used in Figure 4, the sensitivity is about 16 
mA/volt, which is felt to be satisfactory to accommodate the 
typical 2 volt tolerance of a VMOS production line. 

It is not possible to measure the change in idle current level as 
the power output from the amplifier is varied using the usual 
sine wave test signal because the idle level is obscured by the 
output current. However, waveforms similar to the ones 
shown on Figure 5 can be fed into the amplifier; by viewing the 
voltage across R21 during the time of the zero level step, the 
idle level is visible. It is found that a fairly precise setting of the 
voltage across R21 is necessary if the idle level is to remain in- 
variant with power output changes. 



UNLESS NOTED: 
ALL RESISTORS: 1/4W. 5% 
ALL CAPACITORS: 100V. VALUES IN „F 




Practical 25 Watt Autobias 
Figure 4 
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compensates for the decrease in idle level experienced as the 
supply voltage, V^, drops due to increased audio power out- 
put. Should the clipper output increase with power output, the 
circuit will reduce the idle current level. This situation yields 
improved power efficiency, but the output may show evidence 
of cross over distortion at the higher power levels. For op- 
timum performance, it is therefore necessary that the clipping 
level be maintained at slightly below twice the zero signal idle 
voltage from the clipper, regardless of the power output from 
the amplifier. The two stage clipper used is necessary to 
reasonably achieve this goal. 
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Distortion vs Power Output for 25 Watt Amplifier 
Figure 6 
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Test Waveforms Used to Observe Idle Level 
Under Large Signal Conditions 
Figure 5 
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Distortion vs Frequency for 25 Watt Amplifier 
Figure 7 



Identical tests were run on an amplifier at ambient tempera- 
tures of 25 °C and 45 "C. The current at all power levels drop- 
ped about 22 mA at 45 °C, a predictable result because the 
reference diode, Di, has a temperature coeficient of 2 
mV/°C, which is divided in two by the resistors Rjo and R\\. 
Distortion as a function of power output remained essentially 
unchanged at the test frequencies of 75 Hz, 1 kHz, and 5 kHz. 

Figure 6 shows total harmonic distortion at selected frequen- 
cies as a function of power output and Figure 7 shows distor- 
tion at 1.0, 10 and 25 watts as a function of frequency. In the 
important mid-range, THD is under 0.1%. The increase in THD 
at high frequencies is caused by the extra drive required of the 
diff-amp to handle the VMOS input capacitance, while the in- 
crease at low frequencies is caused somewhat by the coupling 
capacitors, primarily the output capacitor (Cg), but mostly is 
attributed to the bootstrap capacitor (C4), and the bias filter 
capacitor (C5). 

The usually published frequency response at 1 watt power out- 
put is not shown as it conveys little information. Response is 
down 1/2 dB at 19 Hz and 100 kHz when driven from a 1 KSl 
source with the input filter removed. 



The power efficiency calculates at 53% at the 25 watt output 
level. The power dissipation is essentially independent of fre- 
quency and varies little with power output. It is about 17 watts 
at idle and increases to about 22 watts at output levels from 10 
to 25 watts. 

Most assemblies show no evidence of slew rate distortion until 
at least 30 kHz when a slight crossover glitch appears on the 
waveform at a level of 15 watts or more. The glitch is level sen- 
sitive due to imperfect bias tracking as a function of power 
output. Bias tracking also becomes worse as the frequency in- 
creases, probably because of stored charge problems in the rec- 
tifier diodes used for D2 and D3. This tracking error would 
normally not be encountered on speech or musical signals. 

Choice of suitable transistors for the diff-amp is limited. Good 
results have been obtained by using matched pairs of type 
2N2484. The gain typically is about 400 at 2 mA and although 
the 60 volt Vceo rating seems marginal, no problems have 
been expeiienced. 

The output devices are Siliconix type VN64GA, which typ- 
ically have a transconductance of 3 mhos, an rd s ( n) of 0.3 
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Some listening tests have been run using a variety of associated 
equipment. Most listeners notice improved reproduction of 
high frequency transients and have difficulty in detecting 
overloads and clipping unless excessive. 

A 50 WATT DESIGN 

An amplifier designed to produce 50W into 8fi is shown on 
Figure 8. For this application low distortion is only required 
over a range from 50 Hz to 10 kHz. It was adapted to use an 
available power supply which produces +78V and -52V 
under no load and nominal line conditions. 

Figure 9 shows total harmonic distortion at selected frequen- 
cies as a function of power output and Figure 10 shows distor- 
tion at 1, 10, and 50 watts as a function of frequency. In the 
important mid range, THD is under 0.1%. 

The narrower power bandwidth of the 50 watt amplifier as 
compared to the 25 watt amplifier is a direct result of the 
higher input capacitance of the higher power output devices. 
To avoid serious high frequency distortion the diff-amp cur- 
rent was increased from 2 mA to 4 mA; the higher current 
necessitated a 2: 1 reduction in base circuit resistance in order 
to avoid an excessively tight match on the current gain of the 
diff-amp pair with the result that the bypassing action of C5, 
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Distortion vs Power Output for 50 Watt Amplifier 
Figure 9 
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Distortion vs Frequency for 50 Watt Amplifier 
Figure 10 
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Practical 50 Watt Autobias 
Figure 8 
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fV| Although not shown, data at 5 watts output is similar to that at 
CO 10 watts. The low frequency distortion is higher at these levels 

than at 50 watts because of the imperfect filtering action of 
^™ C5. Because of the clipper circuit, the voltage on C5 is a larger 

percentage of the input signal as the output drops from the 50 

watt level. 

The harmonic distortion spectrum is shown on Figure 1 1 . The 
dynamic range of the instrument used is 90 dB. Note that the 
third harmonic is prominent at all power levels. The even har- 
monics quickly disappear, but at the 50 watt level, odd har- 
monics up to the 13th were detectable. Probably none of these 
harmonics is discernable by ear. 
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Locus of Harmonic Spectrum 
Figure 11 



Power data is shown on Figure 12. The power efficiency 
calculates at 63% at the 50 watt output level. The power 
dissipation is essentially independent of frequency. The heat 
sink must handle about 40 watts of power. 

Finding suitable driver transistors for the diff-amp was not 
easy. The best transistor discovered to date is a D38W14 
manufactured by General Electric. The transistor has 
BVceo > 100V, which allows ample voltage margin, and 
hpE > 400 which places base current < 10 /iA at 4 mA of col- 
lector current. Consequently, base current matching to within 
1 //A is not too difficult and this match will produce a maxi- 
mum error of 20 mV in the diff-amp which translates into a 20 
mA error in the VMOS idle current. 
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Figure 12 



The VMOS output transistors are VN1200As under develop- 
ment by Siliconix. They have 120V breakdown ratings, an 
"on" resistance under 0.2 ohms, transconductance of 5 
Siemens, and an input capacitance of 1200 pF. This excellent 
combination of characteristics plays a major part in achieving 
the excellent results displayed by the simple autobias circuit. 

Finally, Figures 13 and 14 illustrate the tradeoffs in open loop 
harmonic content as the diode series resistance is varied in the 
dynamic bypassing scheme. With R = 47fl, the bypassing effect 
is negligible, and no harmonics past the 11th are discernable. 
As R is reduced, high order harmonics are introduced which 
increase in level. However, harmonics below the 6th minimize 
at various values of R. In the final amplifier design, 2/3!) was 
chosen as it minimized the large 3rd harmonic resulting in 
lowest overall total harmonic distortion. By better matching of 
the push-pull configuration, it should be possible to reduce the 
even harmonics below the levels shown. 
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Open Loop Output Spectrum Even Harmonics 
Figure 13 



-70 
-80 
-90 









Po 


I 

_ mw 


1 

R(H| 


1 1 
THD(%) 








1 = 


2.5 U 


z 


- 47 

2 
9/3 


4.1 — 
2.1 

15 _ 


231.' 














1 




■J. 9 




















































\ 










0'..' 

2/3;; 








R = 47!T 










21; 



9 11 13 
HARMONIC 



15 17 19 21 



Open Loop Output Spectrum Odd Harmonics 
Figure 14 

CONCLUSIONS 

The circuit scheme presented illustrates that using VMOS tran- 
sistors as power output devices produces an amplifier of extra- 
ordinary performance considering the circuit simplicity. It of- 
fers the following advantages over bipolar amplifier counter- 
parts: 

1 . Only one driver stage 

2. Simple overload protection 

3. Stable bias point 

4. Power efficiency independent of frequency. 
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20 Watt, Class A Audio 
Amplifier 

Linear transconductance characteristics and low drive power 
requirements make VMOS ideal in low-distortion audio 
amplifiers. VMOS transconductance becomes linear at 
higher operating currents. This is in direct contrast to bi- 
polar transistors which exhibit gain that changes signifi- 
cantly with changes in collector current. 

The Class A amplifier shown delivers 20 watts into an eight 
ohm load using a single VN64GA driving a transformer 
coupled output stage. This circuit is similar to the audio 
output stage used in many inexpensive radios and phono- 
graphs. Distortion is less than 5 percent at 10 watts using 
very little feedback (3%) with the VN64GA biased at 
3 amperes. 



Siliconix <q 

Design Tips ^ 

1 



1 V mI ■ 30 W OUT 




| 1 i 

b I 



ALL HES1STOHS U* ■ 
• TRIAD TV67A 



WATT. UNLESS NOTED 



■ 



Siliconix 



6-59 



O 
c 
CD 



Astable Flip-Flop with Starter Laser uioae rui»«i» 



A pair of non-zenered VMOS transistors, a pair of LEDs 
and a simple RC circuit makes an easy sequential flasher 
with almost unlimited sequencing time - from momentary 
to several seconds. 

The infinite input resistance of the VMOS' gate allows for 
very long sequencing times that are impossible when using 
bipolars. One precaution, though, don't wire your circuit 
using phenolic or printed circuit boards when you're looking 
for slow sequencing (they exhibit too much leakage!). 




The VN64GA can switch 10 amperes in 10 to 20 ns when 
driven by a low impedance source. This extremely fast 
switching speed is excellent for driving high-current laser 
diodes and to modulate these diodes at very high fre- 
quencies. A typical 2 watt peak power laser diode requires 
a maximum 200 ns, 10 ampere pulse at a 0.1% maximum 
duty cycle. 

The Laser Diode Pulser is a simple drive circuit capable of 
driving the laser diode with 10 ampere, 20 ns pulses. For a 
0.1% duty cycle, the repetition rate will be 50 KHz. A com- 
plementary emitter-follower is used as a driver. Switching 
speed is determined by the fj of the bipolar transistors used 
and the impedance of the drive source. 

A faster driver circuit is shown in High-Speed Laser Diode 
Driver. It can supply higher peak gate current to switch the 
VN64GA very quickly. This circuit uses a VMOS totem- 
pole stage to drive the high power switch. 

The upper VMOS is driven by a bootstrap circuit'. Typical 
switching times for this circuit are about 10 ns for both 
tum-on and turn-off. 

'Siliconix Application Note AN79-4, "Driving VMOS Power FETs." 



High Compliance 
Current Load 

An op-amp, a VMOS power transistor and a high wattage 
resistor are all that it takes to make a superb constant 
current load with outstanding regulation. 

Varying the load voltage from near zero to near breakdown 
the voltage variation across the 1 ohm load was un- 
measurably low! 
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Laser Diode Pulser 



When implementing this circuit if your current range is 
moderate but your load voltage range is wide be sure to use 
a good heat sink and watch for excessive temperature rise. 
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references, and capacitors in timing circuits. FETs are 
attractive for use in current regulators because of their high 
output impedance and relative insensitivity to temperature 
variations. Use of VMOS devices permits higher current 
outputs to be achieved than possible with the more widely 
used junction FETs; however, some provision must be 
made to forward gate bias the VMOS transistor. The various 
circuits discussed show techniques of achieving current 
sources of different degrees of accuracy at the expense of 
increasing circuit complexity. 

The simple current source shown below uses the base- 
emitter diode of a bipolar transistor as a reference voltage. 
The feedback action of the connection is such that the bi- 
polar collector voltage - which is the VMOS gate voltage, 
forces the VMOS device to draw a current of approximately 
0.65 volt/Rg. The collector resistor of the npn simply pro- 
vides a bias for linear operation of the bipolar. This circuit 
is good from 30 mA to the maximum current rating of the 
VMOS transistor. The voltage rating of the circuit is that of 
the VMOS transistor. If the minus terminal of the circuit is 
to be grounded, the (+) return can be connected to a posi- 
tive supply, rather than the load. This connection improves 
the current accuracy by diverting away the variable current 
flowing in the collector resistor, further improves the out- 
put impedance by preventing base -emitter voltage variation 
due to a variable collector current, and reduces the knee 
voltage required to obtain the required output current. Use 
of a current diode of the J 500 family in place of the collec- 
tor resistor provides superior performance, particularly 
when the return must be connected to the load. 
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Connection of the Returns of the Improved Current Source 
for More Accurate Output Currents 



An improved current source results by adding a pnp tran- 
sistor to increase loop gain and thereby improve the reg- 
ulation of the collector current of the npn device. Both 
(+) and (-) returns are available for connection to a fixed 
supply in order to improve the accuracy of the output 
current. Techniques of using the returns for positive or 
negative current sources as well as a floating source are 
shown below the circuit diagram. 




The circuit below uses a band gap reference instead of a 
base-emitter junction for better temperature stability. 
It performs well as a two-terminal regulator without the 
need of returns. 
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Accurate and Temperature 
Stable Current Source 
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Current Regulators (Cont'd) 

The circuit shown below is fully adjustable from less 
than 10 milliamperes to 12.5 amperes by Rj. Output 
current depends on R5 and the op-amp input voltage 
(Vj) by the relationship: 



Accuracy of this circuit depends mainly ort the op-amp's 
input-offset voltage and on the stability of Rg. Digital 
current control is feasible if the designer employs a D/A 
converter to supply reference voltage Vj. 

The circuit is configured as a two terminal regulator and 
must operate from a minimum of about 15 volts, to assure 
that adequate gate voltage is available for the VN64GA. 
By returning CR[ and the Aj power terminal to a separate 
15 volt power supply, the circuit can regulate up to 12.5 
amperes from a source voltage as low as 6 volts. 
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Stepping Motor Driver 



Stepping motors find wide use in disk drives and machine 
control. VMOS transistors are ideal motor drivers because 
of their freedom from second breakdown. The circuit shows 
how simple a motor drive becomes when using VMOS 
transistors. Note that snubbing networks are not used be- 
cause load line shaping is not necessary with VMOS and the 
inductance of the motor is fairly low so that the inductive 
spike is small. 

The VMOS gates are tied directly to the outputs of the 
CMOS control circuitry. The logic is arranged to sequence 
the motor in accordance with the needs of the application. 
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Constant Speed 
Controller 



DC motors enjoy wide usage in applications varying from 
electric trains to electric drills. In many applications a con- 
stant speed characteristic is desirable. This circuit uses 
VMOS and a single IC to achieve this speed control. One 
feature of this circuit is that no tachometer is required for 
monitoring the speed. Speed is determined by sampling 
the reverse EMF generated by the motor. Motor speed is 
controlled by pulse width modulation. Be sure only to use 
this circuit for DC supply rails because VMOS devices can 
only block voltage in one direction. If you want to operate 
from an AC supply, refer to the analog switch section of 
the handbook for AC switching techniques. 
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Voltage-to-Frequency 
Converter with Digital 
Line Driver 

In industrial instrumentation systems, it is sometimes 
advantageous to amplify and digitize the transducer outputs 
at the physical location of the transducers. The data can 
then be digitally transmitted to a central computer location 
or terminal. A precision amplifier with digitally-controlled 
gain is excellent for amplifying the transducer signals up 
to the ±10 V level. A voltage-to-frequency converter (VFC) 
can then be used to convert the amplifier output voltage to 
a pulse train of variable frequency. A VFC provides an 
output frequency proportional to the average value of the 
input voltage over some specified range. The output pulse 
train can be transmitted over a single twisted pair for long 
distances without degradation of the data. In addition, the 
signal commons can be readily isolated if desired by cou- 
pling the output pulse train through an electro-optical 
coupler or pulse transformer. 

Low-cost integrated VFC circuits are adequate for some 
applications, but are generally limited in output drive 
capability. Some also require numerous external compo- 
nents. The VFC circuit shown can provide good accuracy 
and can drive very long cables or low-impedance loads. 

\ two-channel FET switch driver, the Siliconix D169, is 
used as a comparator. The D169 comparison threshold is 
internally 1.2 V with Vr connected to ground and the 
complementary outputs both swing ±14 V when connected 
as shown. The ±14 V complementary output drives two 
VMOS transistors connected in a totem-pole configu- 
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Voltage-to-Frequency Converter 



ration. The VMOS ON-resistance will be approximately 
2 to 3 ohms with ±14 V of gate drive, so the output voltage 
Vq will swing between +5 V and zero even with a low- 
impedance load. 

To visualize the circuit operation, assume that the inte- 
grator output V2 is ramping positive in response to a neg- 
ative input Vj. This circuit configuration requires that 
the input voltage be negative. The D169 output (OUT) 
is negative and transistor is OFF. Since OUT is ap- 
proximately -14 V, the 6.2 V zener will be conducting 
and the input to the comparator will be determined by the 
R2 voltage divider. The voltage at IN, the D169 input, will 
be half of the integrator output V2 minus half of the 6.2 V 
zener voltage. 

When the integrator voltage ramps positive up to +8.6 V, 
the voltage at the D169 input will be +1.2 V and the com- 
parator will trip. The OUT pin will suddenly go positive and 
thereby gate Qi ON which will reset the integrator. With 
the OUT pin positive, the zener-diode will conduct as a 
forward biased diode and the voltage applied to the input 
of the D169 comparator (IN pin) will be half of V2 plus 
half of the diode drop (0.6 V). When the integrator out- 
put drops down to approximately zero during the reset 
cycle, the comparator will again trip and OUT will again 
go negative. Since the saturation voltage of Q2 is much 
less than 1.8 V, we can be sure that the integrator will 
always ramp down sufficiently to trip the comparator. 
After resetting, the integrator will again ramp positive at 
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Line Driver (Cont'd) 



a rale set by the input voltage Vj. With OUT at -14 V, 
the zener-diode will again conduct as a zener and apply 
-6.2 V through R 2 to the D169 input. The VFC wave- 
forms are shown for one cycle. The width of the positive 
5 V output pulse is determined by the integrator reset 
time, which will be constant. The pulse repetition rate 
is directly proportional to the negative input voltage: 
higher input voltage causes the integrator to ramp positive 
faster and to thereby increase the pulse repetition rate. 



♦ OUT 



VFC Waveforms 

For a DC input of — V| and integrator output change 
AV. the output frequency will be determined by the in- 
tegration time interval At. From i = CdV/dt. we have 



V, AV 

iff ' IT 



Neglecting the short reset time, output frequency will be 
I /At which is equal to Vj/R|CjAV. The nonlinearity 
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error caused by finite reset time, tp. is approximately 
tp/At multiplied by ffj. 

This basic VFC design can be easily tailored to specific 
design requirements by judicious choice of integrator 
op amp and component values. For example, using 1/3 
of a Siliconix L144 triple op amp with a 120 K current- 
setting resistor provides a low current drain circuit capable 
of about 1.3 Msec reset time. A capacitor Cj of 0.001 juF 
was used in one application along with an Rj of 100 K. 
This made the full-scale frequency for a -10 V input 
equal to: 

10_V 

•MAX" ioo Kx 0.001 mFx8.6V 

= 1 1 .628 Hz 

The other component values are not critical; an 18 K 
resistor to the base of Q] will be adequate and 3 K to the 
6.2 V zener with R-> of 10 K. For very wide dynamic 
range, a DG211 quad switch can be used to switch in 
different values of input resistor R ] . 



The output can be taken directly from the complementary 
outputs of the D169 comparator/driver or from the totem- 
pole VMOS transistors. The VN35AK power transistors 
can readily drive a 50 ohm load with 5 V, one micro- 
second pulses. 

Although this circuit requires two IC packages rather than 
one, it has many advanatages in flexibility. It can be de- 
signed for high-frequency operation, minimal power drain, 
or maximum output pulse power. 



Technical Article TA82-2 



IN* 



MOSPOWER Semiconductor 



AN HISTORICAL PERSPECTIVE 

Since MOSFETs were first introduced in 1975, no less 
than 17 suppliers now offer their own versions of 
MOSFET technology. The already dazzling array of 
power MOSFETs commercially available is complicated 
further as technological advances constantly produce 
new devices with improved performance As a result, 
device specifiers can be overwhelmed when faced with 
the growing assortment of tradenames such as MOS- 
POWER, SIPMOS, HEXFET and so on. 

Underlying this apparent state of confusion, however, 
is an orderly progression of technological events leading 
to the present marketplace profile. This article, the first 
of a three-part series, retraces the milestones leading to 
the ubiquitous MOSFET, and characterizes present tech- 
nologies by noting their similarities and differences. 
The Beginning 

The forebearer of power FETs is not a MOSFET but a 
junction field-effect transistor () FET). The development 
of the fundamental JFET that began with Julius Lilienfeld 
in the late 1920s and gained added momentum when 
William Shockley published his paper, "Unipolar 'Field 
Effect/ Transistor," in 1952 However, despite the efforts 
of many researchers, this JFET disclosed by Lilienfeld 
and defined by Shockley, could not handle more than a 
few hundred milliamperes at modest standoff voltages. 

The secret of greater power capability eluded re- 
searchers until the early 1950s, when several researchers, 
apparently working independently of each other, 
published the solution. Among these investigators were 
Nishizawa and Wegener. 

The Problem: Two contradictory problems had re- 
mained insolvable for years. The first was the so-called 
"high-frequency" problem. In early J FETs, as device 
geometry increased in size to support increased current, 
parasitic capacitances increased faster and, conse- 
quently, the gain-bandwidth product decayed. 

The second problem was channel resistance: It simply 
was too high. Planar, or laminar )FETs exhibited too 
much degeneration, transconductance was too low and 
parasitic capacitances too high Paralleling device cells 
only aggravated the already poor figure of merit 

The Solution: Where Nishizawa buried his solution 
in a Japanese patent, Wegener publicized his findings in 
a 1959 paper entitled, "The Cylindrical Field-Effect 
Transistor." The two solutions were similar. Wegener 
postulated that current saturation in a cylindrical cross- 
section JFET (Figure 1), occurs at a lower pinch-off 
voltage than was possible for a planar or laminar JFET 
of equal transverse dimensions and equal saturation 
current (Figure 2). 

The significance of this discovery was obvious. As 
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pinch-off voltage drops, channel resistance likewise 
decreases. The result was less degeneration for higher 
transconductance, and smaller geometry for higher 
current and lower parasitic capacitances. The cylindrical 
cross section had thus solved both problems. 




FIGURE 1. Cylindrical FET Concept was published in 1959. 
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FIGURE 2. Curves depict the effect of channel resistance as 
pinch-off voltage is decreased, keeping l oss constant. 

Early Power J FETs 

Several researchers were already using the centripetal 
or cylindrical JFET concept in experimental devices 
when Wegener published his paper. Among these 
devices was Stanislas Teszner's Tecnitron (Figure 3) 
which was patented around 1956. However, the Tecni- 
tron had limited power capability. 

Soon after Wegener's paper was presented, Teszner 
published another paper in 1964 that described the Grid- 
istor (Figure 4), a device that appeared to have solved the 
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MOSFETs twenty years ago produced maximum resolu- 
tions of only about 5 microns Consequently, planar 
construction using photolithographic masking required 
massive geometries to handle the current required for 
power applications. 
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FIGURE 7. The SIT (Static Induction Transistor) has a cross 
section similar to the MUCH FET, and otters remarkable power 
handling capabilities. 

The high parasitic capacitances associated with these 
large structures reduced MOSFET gain-bandwidth and 
speed Other penalties of the large geometries were 
high channel resistance, excessive losses, poor thermal 
dissipation, high costs and poor yields. 

However, in 1969, the lapanese Electrotechnical 
Laboratory unveiled their planar and V-groove double- 
diffused MOSFETs — both with underside drain contacts 
and with an insulated gate replacing the p-n junction 
No longer dependent upon the limited dimensional 
accuracy of the photolithographic process, the power 
problem of MOSFETs had been solved 
Modern MOSFETs 

The key to the problem was channel length MOSFET 
channel length is inversely proportional to forward trans- 
conductance and proportional to on-resistance. Further- 
more, the small geometry resulting from achieving a 
short channel also has lower parasitic capacitances. The 
double-diffused MOS (DMOS) FET was one of the 
earliest successful efforts in short-channel MOSFET 
technology. 

The name "DMOS" for n-channel MOSFETs comes 
from the sequential manner in which the p-doped (body) 
diffusion is followed by a highly doped n+ source 
diffusion. The short channel results from careful control 
and placement of the second (n + ) diffusion. The DMOS 
process has undergone continual refinement so that it is 
currently one of the major power FET technologies. 
There are two principle variations of vertical MOSFET 
structures. 
Vertical DMOSFET 

When early high-voltage DMOS devices with lateral 
structures became unduly large, their advantages were 
soon offset by the traditional drawbacks of large geo- 
metries. Consequently, suppliers resorted to vertical 
structures to restore chip size to the point where costs 
could match those of bipolar devices with similar 
ratings All high-voltage, high-power DMOSFETs are now 



constructed with the source and gate located on the top 
of the chip and the drain on the underside, as shown in 
Figure 8. 
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FIGURE 8. Power DMOSFETs employ this construction, and are 
now gaining wide use as they offer fail safe operation in the 
enhancement mode (i.e. automatic shut-off after loss of gate 

VDMOS power FETs can withstand extremely high 
voltages with some device ratings approaching the 
kilovolt range. Operationally, there is little difference 
between the vertical structure and its planar or lateral 
equivalent But VDMOS devices have a higher break- 
down voltage, and smaller chip size results in higher 
yield. 

V-Groove MOSFET 

The other short-channel power FET can only be 
constructed as a vertical structure. Figure 9 Operating 
exactly as the DMOS device, a positive gate potential 
inverts the p-channel, resulting in an uninterrupted, low- 
resistance current flow between source and drain. 



SOURCE AND 
BODY 



SOURCE AND 
BODY 




n+ SUBSTRATE ; 
^ j _ 

DRAIN 

FIGURE 9. V-Groove Power MOSFET, also a short-channel device, 
operates exactly as a DMOSFET. This technology is generally 
limited to low voltage (less than 60 volts). 

For the most part, silicon gate has replaced metal- 
gate technology in both DMOS and VMOS devices. 
However, metal gate is still used in high-frequency 
applications where the series resistance of silicon gate 
would be prohibitive. 

Complementary power FETs (FETs of opposite polar- 
ity) operate in like fashion, except all voltage polarities 
are reversed. A p-channel MOSFET turns on with a nega- 
tive voltage applied to the gate. There is growing interest 
in p-channel, enhancement-mode MOSFETs with short 
channels. However, since the mobility of p-doped silicon 
is considerably less than that of n-doped silicon, a 
true complement is impossible. 
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FIGURE 3. Tecnitron, shown in this simplistic cross-sectional 
■ din 1956. 



power problem. This development was closely followed 
by the appearance of Ranier Zuleeg's multi-channel 
field-effect transistor (MUCH-FET, Figure 5) in 1966. 

The simplified cross section of a Gridistor (Figure 4) 
shows a grid of p-type cylinders (gate) imbedded in 
n-type material. This imbedded gate structure was 
characteristic of all the early power devices which, 
accordingly, were called junction FETs (JFETs) because 
the gate electrode is a p-n junction Because the 
structure is similar to a basic npn bipolar transistor, 
either bipolar or FET action is obtained by manipulating 
gate bias voltage. Applying a negative potential to the 
grid operates the device as a FET With a positive gate 
potential the structure takes on the characteristics of a 
bipolar transistor (Figure 6). 
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FIGURE 4. Gridistor emerged In 1964. 
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FIGURE 5. The MUCH-FET, a multi channel field-effect transistor, 
was described In detail in 1966. 

Unlike the planar or laminar JFET, Gridistor channel 
length is limited only by the diffusion process and is 
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FIGURE 6. Output characteristics with negative and positive gate 
bias. 



therefore, much shorter Consequently, the channel does 
not pinch off as drain voltage increases, and drain 
current continues to increase as a function of drain- 
source voltage. This action results in output character- 
istics resembling those of a vacuum-tube triode. 

The early Cridistor had two faults. Maximum forward 
transconductance was limited to about 200 ymhos for a 
single channel (regardless of size), and single-cell devices 
had limited power dissipation 

These drawbacks were overcome by Zuleeg's MUCH- 
FET, which was basically a multicell Cridistor with high 
forward transconductance, high thermal dissipation and 
high current-handling capability by virtue of the parallel- 
connected cells. The MUCH-FET was designed specifi- 
cally for high-frequency, high-power operation. Early 
devices achieved 2 W at 100 MHz. 

However, as with the Cridistor and other depletion- 
mode I FETs, the MUCH-FET required two power 
supplies: one for the drain-source voltage and the other 
for bias. Bias must be of opposite polarity from that of 
the drain-source potential to ensure that the FET can be 
turned off. Nevertheless, the MUCH-FET made a signifi- 
cant contribution to the technology in that it was the 
first device to be fabricated vertically, as is practically 
all other power FETs presently on the market. 

While the Gridistor and MUCH-FET were being 
developed, the lapanese were quietly perfecting an 
analog field-effect transistor called SIT (static induction 
transistor). This device (Figure 7) has a cross section 
similar to that of a MUCH-FET, and has remarkable 
power-handling capabilities at high frequencies. 

Like the MUCH-FET, the SIT has a very short channel 
and exhibits a nonsaturating drain current similar to 
that of a vacuum tube or space-charge-limited triode. 
However, the device can also withstand high drain-gate 
voltages. Among other benefits arising from this charac- 
teristic, lower parasitic drain-gate capacitance allows 
operation at higher frequencies Consequently, the 
depletion-mode SIT has been used successfully in appli- 
cations ranging from high-fidelity audio amplifiers to 
high-frequency power amplifiers. 

Thus, power FET technology appeared to be the exclu- 
sive domain of JFETs as the decade of the 1960s 
drew to a close. Technical problems had frustrated 
earlier attempts at fabricating power MOSFETs. For 
example, photolithographic techniques for building 
(Continued on following page] 
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citance. Consequently, a p-channel power Ft I in LMUb 
applications needs a heavier drive than its n-channel 
counterpart 

Most commercially available power MOSFETs fall 
into one of two categories — VMOS and DMOS. Within 
each category, cell construction is the same and per- 
formance characteristics are very similar The emer- 
gence of different trade names (e.g., MOSPOWER from 
Siliconix; SIPMOS from Siemens; HEXFET from Inter- 
national Rectifier) reflect differences in surface geo- 
metries, which don't appreciably affect power MOSFET 
performance. Accordingly, the power system designer 
specifying power MOSFETs should not be confused by 
different trade names. Instead, he should focus his 
effort on evaluating actual power MOSFET performance 
against the manufacturer's published specifications. 

As newer trade names proliferate within the family of 
power MOSFETs, they are expected to follow the short- 
channel concept Barring some unforeseen and dramatic 
technological breakthrough, understanding the structure 
and operation of a basic cell means understanding them 
all. 



Industry is increasingly relying upon power /viuirt; is 
for more efficient conversion of raw electrical power to 
forms more suitable for energizing electrically driven 
products. This article, the second of a three-part series, 
examines the role of MOSFETs in two principal industrial 
applications: switching power suppies and electric motor 
controllers. In this discussion, efficiency is not only the 
ratio of power output to power input, but it also relates 
to switching speed, ease of applications, and system size, 
cost and simplicity. 




FIGURE 1. Block diagram of a basic Inverter circuit 




FIGURE 2. Flyback regulator circuit lor supplying 5V, 10A microprocessor power. 
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high-voltage capability ot power FETs allows consider- 
able design flexibility when applied to the switching 
circuit of an inverter. One commonly used approach 
that has low parts count is the flyback switching power 
supply, often economical for low-power applications. 

The circuit shown in Figure 2 can be used to supply 
5V at 10A for microprocessor operating power. The use 
of off-the-shelf ICs for all critical functions greatly sim- 
plifies design and construction. For example, an opera- 
tional amplifier (RCA3140) compares the output voltage 
against a reference and controls the light output of an 
optocoupler which sets the current level. This current, 
in turn, establishes the operating frequency of the 74C14 
Schmitt hex inverters that drive the gate of the power FET. 
An emitter-coupled drive lowers the drive impedance 
and reduces switching time. 

Pulse-Width Modulation: One of the most efficient 
ways to drive power FETs is to use pulse-width modula- 
tion (PWM). Here, the drive frequency is fixed, but pulse 
on and off times are variable. The result is a sinusoidal 
waveform whose shape depends on the number of pulses 
in a cycle and their spacing. Half-bridge and full-bridge 
circuits are capable of delivering power limited only by 
the current-handling capability of the switching transistors. 

If transistors are connected in parallel to increase 
output current, they must be switched off in unison to 
avoid excess switching losses. Partly because of the 
positive temperature coefficient of MOS transistors, the 
threshold voltages of paralleled power devices need to 
be matched only to within 10%. However, ferrite beads 
or 30 to 50-ohm carbon resistors should be inserted in 
series with each gate lead to prevent unwanted parasitic 
oscillations. Also two paralleled devices should share 
the same heat sink. 

Half-bridge and full-bridge switchers use power FETs 
stacked in a totem-pole configuration so that the 
MOSFETs do not have to withstand full operating voltage 
One method for driving a half-bridge MOSFET total pole 
is shown in Figure 3a, where a single input controls the 
action of the two output transistors. Another method 
uses an isolation transformer to drive one transistor of 
the pair, Figure 3b. For high-frequency operation the 
isolation transformer driving the MOSFET gate can be a 
small pulse transformer driven by complementary 
emitter-coupled bipolar transistors. 

A full-bridge totem-pole circuit is shown in Figure 3c. 
In this circuit the transistors are switched on and off to 
produce alternating current flow through the cross-leg 
containing the main transformer. The pulse transformers 
can be simply constructed using trifilar wire wound on 
ferrite bobbins. This circuit should be ale to switch at 
frequencies exceeding 200kHz. 

An example of a dimple half-bridge switcher is shown 
in Figure 4. This circuit includes a pair of 400V power 
MOSFETs in a totem-pole arrangement and triggered 
from a commercially available integrated circuit for 




FIGURE 3. Power MOSFETs In half-bridge totem-pole, a and b, 
and full bridge totem-pole arrangements, c 
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FIGURE 4. Half-bridge (Witching power supply using 400V power MOSFETs to deliver 1S0W et 100kHz 



operating frquencies of 100kHz and higher. Pulse trans- 
former T 3 and diode D 1S provide automatic shutdown if 
drain current through the totem-pole power MOSFETs rise 
to a level exceeding the setpoint established by 
potentionmeter R 24 . Thermistor TH, following the input 
rectifier bridge provides a soft-start feature, and IC 4 and 
IC 5 are voltage regulators for low to moderate output 
power.* 

Power MOSFETs used in totem-pole switchers can have 
lower breakdown voltage ratings since each transistor is 
subjected to only half the total voltage. On-resistance 
should be equal to or less than 1 ohm. Using parallel 
transistors to boost output power, of course, further 
reduces effective on-resistance. Decreased on-resistance 
means lower power loss 2 R DS(<)n )) and, consequently, 
lower temperature rise of the MOSFETs. 

Contrary to general belief, catastrophic failure can 
also result from thermal runaway. True, MOSFET 
on-resistance increases with increase in temperature 
and tends to limit current. However, if drain current is 
set or controlled by an external force or load (or a short 
circuit), l 2 R losses increase as the device heats up. The 
result appears no different from thermal runaway. 
Consequently, a critical part of switcher design is guarding 
against thermal runaway by first determining device 
junction temperature and then sizing the heat sink to 
ensure that the junction temperature is not exceeded 
under normal operating conditions. 

The thermal design of a switching power supply 
involves procedures which are beyond the scope of this 
article. However, several thermal-dissipation and heat- 
sink problems can be solved graphically by using curves 
normally found in MOSFET data sheets. Therefore, make 
sure the vendor's data sheet contains a plot of normalized 



r DS(on) versus junction-temperature (Tj). Also, make sure 
that the thermal resistance between the heat sink and 
ambient is available from the heat-sink supplier. 

Another point is worth noting with regard to heat sinks 
Insulating a MOSFET from a heat sink adds stray output 
capacitance in parallel with the common-source output 
capacitance (C oss ) of the device. For example, a mica or 
thin plastic insulating washer for a TO-3 package adds 
nearly 200pF and a 0.062-in. beryllium-oxide washer, 25pF 
The result can be increased turn-off time. 

The other two critical areas of high-speed switcher 
design are the circuit board and the main power trans- 
former fed by the power MOSFETs. It is recommended 
to use a high-quality material for the circuit board. Short- 
lead, point-to-point wiring is mandatory, and ground 
connections are critical. Plated, through holes should be 
used, and pulse-carrying leads running an appreciable 
distance should have reasonable separation. Transformer 
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design is even more critical and should be based on 
practices described in available technical literature. 

Regulators 

Regulators differ from switchers in that they provide 
highly regulated direct current from a poorly regulated 
or poorly filtered DC source. In this application the 
power MOSFET is usually a series regulating element. 
A basic regulator operates by comparing the output 
voltage with a reference and generating an error signal 
to control the series-pass regulator transistor, either 
directly or by PWM. Figure 5 When using power FETs as 
series regulators it is advisable to use an overcurrent 
shut down to protect the power FET from excessive l 2 R 
losses. 

If the switching element is closed, direct current flows 
from the source through the load and catch diode. 

A voltage regulator includes a circuit connected across 
the output to close the switch upon sensing a voltage 
drop. The degree of regulation (ripple) due to the recurring 
voltage drop depends on the sensitivity and slew rate of 
the feedback network. 

Adding a few refinements to the basic regulator of 
Figure 5 provides a regulated DC with less than 100mV of 
ripple for microprocessor applications. Figure 6. Nec- 
essary operating voltages are taken from the bleeder 
resistor network connected across the unregulated 28V 
supply. A soft startup feature clamps the series VMOS 
switch off until the supply has stabilized. The output 
of the LM710 comparator, which is actually an oscillator 
running at 200kHz, is fed through a level-shifting circuit 
to the base of bipolar transistor Q 2 . This transistor is part 
of a bootstrap circuit necessary to turn the power 
MOSFET full on in totem-pole MOSFET arrays. 



- 



Current Regulator: The principal advantages of using a 
power MOSFET as a constant-current regulator stem from 
its very high output impedance, which provides 
exceptionally stable current over wide voltage fluctua- 
tions, and its minimal sensitivity to temperature variation. 

Unlike in switcher applications where power MOSFETs 
operate in their triode mode (low r D5(on) ), devices used as 
current regulators operate in the saturation region or 
high r DS(on) Consequently, adequate heat-sinking is critical 
for avoiding excessive temperature rise. 

The basic circuit of Figure 7a is a current sink. The 
operational amplifier compares the voltage across the 
low-ohmic, high-wattage resistor with a reference voltage, 
which can be supplied by a potentiometer, a zener diode 
or a D/A converter. Accuracy is a function of sense 
resistor stability, amplifier offset and reference voltage 
stability. This circuit is especially useful as a constant- 
current load and, with the addition of a D/A converter to 
supply the reference voltage, can be designed for digital 
current control. 

The circuit in Figure 7b can be used as either a current 
sink or a two-terminal regulator. The latter connection 
regulates current levels from a few milliamperes to the 
maximum current allowed by the power MOSFET used. 

Motor Control 

Power MOSFETs are expected to make deeper penetra- 
tion into the field of electric motor control as power- 
handling capability continues to increase. Traditionally, 
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motor stalls, a low r DS(on) is less 
likely to cause thermal run- 
away. 

Possibly one of the easiest 
power MOSFET applications in 
motor control is for brushless 
stepping motors. Figure 9, par- 
ticularly since the MOSFETs can 
interface directly with com- 
puter logic. Additionally, the 
inherent parasitic source-drain 
p-n diode eliminates the need 
for free-wheeling diodes and 
snubber networks. 

AC Motor Control: The typi- 
cal AC induction motor con- 
troller is basically an inverter 
that changes DC power into a 

variable frequency, usually by pulse-width modula- 
tion. This technique is commonly used because it pro- 
duces a low harmonic waveform and maintains a con- 
stant voltage-to-frequency ratio, which avoids field- 
winding saturation and possible motor damage. 

PWM control of an AC induction motor is obtained by 
properly sequencing a pair of power MOSFETs arranged 
in a totem-pole configuration, Figure 10. The amplitude 
of the resultant sine wave is proportional to the width 
and phase of the pulses The number of pulses per half 
cycle can be fixed with only the width varying, or the 
number of pulses can increase with pulse period with 
pulse width varying for voltage control. In practice, 
variations of these two basic approaches are found in a 
variety of industrial applications. 

The heart of any PWM controller is the generator that 
synthesizes the sine wave. Figure 11 shows the use of an 
op amp, such as a 741 or LM356, as the basic building 
block The control signals are a sawtooth waveform fed 
to the inverting (-) input and a DC voltage fed to the 
noninverting ( + ) input. The resultant output is a series 
of pulses whose frequency depends on the frequency of 
the sawtooth input and whose pulse width depends on the 
level of the DC input voltage 




FIGURE 9. Using power MOSFETs with direct logic control for * 
driving a stepping motor 




FIGURE 10. 
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Application Tips 

Successful power MOSFET application requires oper- 
ating the device within the safe operating area (SOA) 
defined by a plot of drain current versus source-drain 
voltage I n order to comply with this constraint, which is 
provided on the device's data sheet, a MOSFET driving 
certain types of loads requires protective measures. 

Inductive Loads: When a power MOSFET driving an 
inductive load is turned off, the collapsing magnetic field 
around the inductor induces a counter EMF that could 
exceed the breakdown voltage of the MOSFET. One way 
to avoid this effect is to shunt the inductive load with a 
resistor and a fast diode. Figure 12. To ensure fast 
response to the transient-voltage spike, the use of a gold- 
doped diode is recommended. 
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One member of the thyristor family, the silicon con- 
trolled rectifier (SCR), has several merits for this applica- 
tion. First, current and voltage are controlled simply by 
adjusting the firing angle of the device. Second, an SCR 
acts as a rectifier, which is an advantage when operating 
a DC motor from an AC power source. Finally, SCRs can 
withstand high surge currents and very high voltages. 

On the other hand, SCRs require commutating circuits 
to turn them on and off when operating off a DC power 
source. Another basic problem results from high-speed 
switching of high current and voltage. Exceeding the 
dV/dt and di/dt ratings of an SCR could result in false 
triggering and device overheating. 

In AC motors, speed is dependent on the frequency of 
the AC power source rather than voltage. Moreover, 
torque is relatively constant until the motor stalls. AC 
motors are often preferred over DC motors because they 
are smaller, less costly and are more reliable. However, 



These SCR shortcomings leave several avenues open to 
the power MOSFET in DC and AC motor control. Heavy 
industrial DC motors of several hundred horsepower 
are certainly beyond the power-handling capability of 
present MOSFET technology. However, power MOSFETs 
are an attractive alternative for controlling small DC 
motors An equal if not greater opportunity exists in 
AC motor controllers where power MOSFETs can be used 
to synthesize relatively smooth sine waves for cool motor 
operation. And in some controller applications, power 
MOSFETs are the only practical solution. 

DC Motor Control: Power MOSFETs are unquestionably 
better than SCRs for controlling DC motors from direct- 
current lines. An example of this application is the con- 
trol of DC motors in automotive electrical systems, 
Figure 8. This circuit is part of a microprocessor-based 
DC motor controller using a D/A converter to provide a 
speed-setting reference voltage. The L161 quad op amp 
performs several functions. Op-amp comparators a and b 
generate a triangular waveform for the input of op amp 
comparator c, which biases the MOSFET gate. 
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FIGURE 12. Free-wheeling diode for diverting Inductive transients 
from a power MOSFET 



Another effective protective method— especially suited 
when working "off line" either directly or with isolation 
or step-down transformers— is placing a zener diode 
across the MOSFET. This device has picosecond response 
time and also protects against line-voltage transients 
which can be twice the line voltage. 

Capacitive and Lamp Loads: An uncharged capacitor 
appears as a short circuit when voltage is first applied to 
it. The result is high inrush current through the MOSFET. 
A similar condition is presented by incandescent lamp 
loads whose "cold" resistance is only a fraction of that 
when the lamp is hot. In these cases gate voltage must be 
high enough to ensure the MOSFET operates in its ohmic 
region At the same time, this voltage must not be ramped 
up slowly. Otherwise, high r DS(on) at low gate voltage 
might lead to thermal runaway. 



NEW APPLICATION FRONTIERS 

N —channel, enhancement-mode power MOSFETs 
with low threshold-voltages interface easily with 
logic-level drive circuits. As a result, these power-switching 
devices are used increasingly with digital-logic circuits 
controlling substantial amounts of electrical power. But 
dramatic increases in speed, power-handling and thermal 
capabilities promised for next-generation power MOSFETs 
will also thrust them into application areas traditionally 
served by other power-switching devices. 

This article, the final of a three-part series, discusses 
techniques for driving power MOSFETs with digital logic 
circuits and examines new application possibilities 
awaiting imminent advances in MOSFET technology. 

Driving Power MOSFETs With Logic Elements 

DTL, RTL, TTL and CMOS circuits can drive power 
MOSFETs directly, provided their high and low-state 
output voltages and current-handling capability are com- 
patible with power MOSFET input requirements. Similar- 
ly, power MOSFET characteristics must be chosen so that 
the device responds correctly to the on/off commands of 
the driving circuit. 



For example, MOSFETs used with DTL, RTL or TTL 
devices must turn fully off at a gate voltage of 0.8V or 
less and turn on with a gate voltage above about 2.4V 
How far the MOSFET turns on depends on available gate- 
drive voltage, and switching speed depends on how much 
drive current is available to charge device input 
capacitance quickly. 

There are several options for meeting these require- 
ments in each of the three modes of power MOSFET 
operation: common-source, source-follower and totem- 
pole. 

Common-Source MOSFET Drive: Figure 1 illustrates why 
the common-source configuration is the easiest to drive 
Gate drive voltage V cs is the full output voltage of the 
direct-coupled, high-voltage CMOS logic element which 
can operate with ±15V supplies. This device can provide 
hard turn-on for most available power MOSFETs. The 
only problem arises if fast switching is required — 
particularly in MOSFETs with high threshold voltage for 
transient noise immunity. These power MOSFETs can 
have an input capacitance C iss as much as 3000 pF, which 
demands a drive current substantially higher than that 
provided by a 74COO CMOS gate, for example. 

One solution is to use paralleled gates to boost drive 
current. Regardless of the number of gates used, they 
must be operated as close as possible to the +15V rails 
for maximum current-handling capability. The other 
option is to use an emitter-follower drive circuit. 

In Figure 2, for example, MOSFET drive current is the 
output current of the CMOS gate multiplied by the beta 
of the bipolar transistors. Switching speed is limited only 
by the speed of the CMOS driver or the f, of the bipolar 
transistors. Moreover, there is no turn-off delay since 
emitter-followers never saturate. 

Driving a logic-compatible, power MOSFET with RTL, 
DTL and TTL circuits requires different techniques. Low 
supply voltage (typically + 5V) coupled with at least two 
internal diode voltage drops of these logic circuits restrict 
their high-state output voltage to about + 3.7V or less, 
which is considerably lower than CMOS logic levels 
Figure 3 shows how to make these logic families both 
supply and sink the substantial current required to switch 
power MOSFETs quickly. 

The circuit shown is basically an open-collector TTL 
circuit with pull-up accomplished by using a totem-pole, 
emitter-coupled driver. The high-beta npn bipolar tran- 
sistor and diode provide a fast charge and discharge cycle 
to maximize switching speed. 

Source-Follower MOSFET Drive: The challenge in driving 
a source-follower power MOSFET is in keeping the gate 
at least 10V above the source voltage, regardless of its 
magnitude. The task is simple if another voltage source 
is available that exceeds drain voltage by about 10V. 
Alternatively, such a voltage can be provided by a boot- 
strap circuit, Figure 4. This circuit is effective only for 
repetitive drive operation and now for steady-state 
applications. Once capacitor C loses its charge, gate 
voltage drops and the capacitor does not recharge until 
the circuit is first shut down. 

Diode D1 should have a high reverse leakage resistance 
to help maintain the charge on C1 as long as possible. The 
capacitance should be at least ten times C iss . 

Another way to drive a grounded load from a logic cir- 
cuit is to use a p-channel, enhancement-mode MOSFET 
driven from CMOS, Figure 5. Here, the MOSFET source 
terminal is tied to the positive voltage rail and the CMOS, 
in effect, operates in reverse. In other words, a low logic 



output turn on the power device and vice versa. 

Power MOSFETs interface with most microprocessors 
without any major problems. The devices can be driven 
through the processor input/output ports and interface 
directly to any CMOS processor if logic levels are high 
enough to allow the device to produce useful current. 

Logic-compatible power MOSFETs become susceptible 
to false triggering as increasing temperature lowers 
threshold voltage. Consequently, temperature control 
is a critical factor in applying these devices. 
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FIGURE 1. Driving a logic-compatible power MOSFET with a 
CMOS gate 
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FIGU RE 2. Using an emitter-follower to Increase power FET 
speed and boost current source and sink capability 




FIGURE 3. Increasing switching speed by charging MOSFET C,„ 
with the almost unlimited current source ol an external torenv 
pole circuit 
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FIGURE 4. Using a bootstrap circuit to drive a source-follower 
from conventional TTL 
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FIGURE 5. Eliminating the need for bootstrapping by using high- 
voltage CMOS to drive a p-channel power MOSFET source- 



Frontiers of Application 

As future MOSFET voltage and current ratings increase, 
resultant higher threshold voltages improve immunity to 
noise and false triggering. However, the penalty for 
improved noise immunity is decreased compatibility with 
most logic families other than high-voltage CMOS. Never- 
the less, although devices with higher electrical ratings 
may not be the easiest to combine with logic circuits, 
they promise unique advantages to a variety of new 
applications. 

Synchronous Rectifiers: Among these new application 
possibilities, most excitement in the industry centers about 
the synchronous rectifier, which might find application 
in switch-mode power supplies (SMPS). An SMPS is often 
preferred over a linear power supply because high- 
frequency switching allows the use of smaller, lighter and 
lower-cost components that produce space-saving designs. 

For example, filter choke coils and capacitors can be 
microhenries and picofarads in size instead of henries 
and microfarads. Additionally, high-frequency operation 
results in lower inductor core loss and allows a power 
supply to react faster to error signals. This latter benefit 
is especially attractive for powering microprocessors, 
which present a fast-changing load to a power source. 
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transistor switching elementes as well as the intrinsic p-n 
diodes of power semiconductors. As frequency 
increases in a full-wave rectifier, this storage time 
becomes a significant part of total conduction time. 
Consequently, at high frequencies the conduction period 
of the diodes in each leg of the power transformer 
secondary winding overlap during a fraction of each cycle. 

This "crowbar" condition, during which the secondary 
winding is effectively shorted, can lead to transformer 
overheating and eventual destruction — even with added 
circuit complications that reduce diode storage time. 

Schottky diodes can switch effectively up into the 
microwave frequency region without causing this condi- 
tion. Unfortunately, however, typical Schottky diodes 
have voltage ratings of only 40V; 60V devices are rare, 
and 80V ratings even more so. 

Power MOSFETs are on the verge of a technological 
breakthrough that will allow a SMPS rectifier circuit to 
operate at up to 500kHz frequencies. In a synchronous 
rectifier, a portion of each side of the center-tapped 
secondary winding of the power transformer biases the 
FETs, Figure 6. The parasitic bipolar diode connected 
across the source and drain has a typical storage time of 
about 200ns and would encounter the same problems 
high-frequency as a discrete diode— if allowed to conduct. 

To prevent this from occurring, the MOSFET must be 
able to pass useful current levels at a drain-to-source 
voltage drop less than forward turn-on voltage, V f(diode> 
of the intrinsic diode. The secret is in minimizing r DS , on ) 
so that E = IR < V, (diode) . This means that r DS(on) must be 
on the order of 0.02-0.04 ohms, which industry expects to 
achieve within a year. Also, it is expected that packages 
will be more massive than the presently used TO-3 design 
whose stray capacitance and pin resistance are too high. 

Imminent reductions in r DS(on) promise significant 

■ 
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where T, is maximum operating junction temperature of 
the device. Present power dissipation of power MOSFETs 
is limited to about 175W. But new package designs of 
next-generation devices are expected to be rated at a 
P Diss(max) of about 300W. Coupled with the decreases in 
r DS(ony devices with the higher power ratings should be 
able to deliver around 17A to a load. In fact, 50A 
MOSFETs are foreseeable in the not to distant future as 
500W power dissipation ratings become feasible. 

Energy Conversion: One of the largest applications for 
high-current power MOSFETs is expected to be in the 
energy conversion industry. Solar cells, for example, can 
generate 1V at 60A. Driven by a pulse-width modulator, 
power FETs can convert this energy into practical AC 
voltage, current and frequency. And if DC is required, the 
addition of a synchronous rectifier converts the switcher 
output to the required DC voltage and current. 

Windmill energy conversion is a similar application 
potential for high-current MOSFETs, Figure 7. A windmill 
is used to drive a DC generator that charges a battery or 
powers some other load. Either way, the load acts as a 
brake that prevents generator damage from high-voltage 
caused by excessive windmill speed. Thus, if the generator 
is charging a battery, the battery must be disconnected 
when fully charged since it no longer constitutes a load. 
At the same time, another load must replace the charged 
battery. 

It is conceivable that high-current MOSFETs will 
perform these switching functions. Additionally, the 
charged batteries can be switched into switcher circuits 
and synchronous rectifiers in the same manner as the 
solar cells for conversion to any required form of electrical 
power. 
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FIGURE 7. Using power MOSFETs In a windmill energy converter 
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Transportation: This capability of switching battery power 
may also benefit the electric vehicle industry. Most 
electrically powered vehicles use DC motors even though 
they are larger, heavier, less reliable and more expensive 
than AC motors. Moreover, DC motors have less than 
ideal speed-torque characteristics for motor vehicle 
operation. Figure 8. Despite these drawbacks, DC motors 
are preferred because their controllers are simpler and 
less cumbersome than those required by battery-powered 
AC motors. 

Much of the circuit complication of an AC motor con- 
troller comes from the drive circuits of the bipolar power- 
switching devices, which traditionally have greater 
current-handling capability than MOSFETs. However, new 
power FETs with lower r DS(on) and higher P D , SS and current 
ratings will simplify AC motor controllers because 
MOSFET drive circuits are simpler. Thus, electric vehicles 
may at last be able to exploit the advantages of using 
an AC motor. 

In a similar fashion, electrically powered mass transit 
systems such as the Bay Area Rapid Transit (BART) of the 
San Francisco— Oakland region could conceivably 
benefit from a change to AC motors. Each car in a 
multicar train is driven by its own DC motor. Con- 
sequently, a highly complex controller is needed to 
synchronize the speed of the DC motors. If the motors 
were AC, speed would automatically be synchronized by 
the frequency of the AC controller. Using power 
MOSFETs, the controller would synthesize AC waveforms 
with pulse-width modulation techniques. 

The same reasoning applies to multimotor applications 
where speed relationships between many motors must be 
accurately maintained as in, for example, the conveyor 
drive system of an automated manufacturing complex. 

Finally, MOSFETs are now eligible for applications 
previously beyond their temperature capabilities. Recent- 
ly introduced devices have a 200°C junction-temperature 
rating, which matches that of bipolar power transistors. 
This means that power MOSFETs can now be used in 
ambient temperatures 33% hotter than before. Figure 9. 

As a result, these devices are now ready for application 
in heat-generating appliances such as dishwashers and 
washer/dryers. Automotive applications, where tempera- 
tures reach 150°C under the hood and 110°C under the 
dashboard, are another application potential. Even higher 
temperatures are encountered by the power supplies of 
deep-well instrumentation which must withstand 200°C 
at depths of 20,000 feet. Here, the MOSFETs can be 
derated to deliver useful power levels. 

Most of these new applications for power MOSFETs 
are on the threshold of reality. The 200°C Tj ratings are 
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FIGURE 8. AC and DC motor speed-torque characteristics 
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FIGURE 9. The advantage o( higher T. ratings. A power 
MOSFET with a T. rating of 200° C can deliver useful power 
levels while operating in an ambient temperature 33% higher 
than that allowable for 150°C devices. 



already available. And, from all indications, it is only a 
matter of time before devices can switch at a frequency 
of 500kHz, withstand drain-source potentials up to 850V, 
deliver 100W and 17A to a load and dissipate 300W. 
the principal beneficiaries of these dramatic performance 
improvements are expected to be the power-conversion 
industry, followed closely by the automotive, appliance 
and instrumentation industries. However, greater design 
freedoms afforded by new-generation power MOSFETs 
quite likely will foster even more, as yet unconceived 
applications. 
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Bipolar and MOS Transistors: 
Emerging Partners for the 1980s 



Richard Blanchard, Ph.D. 



INTRODUCTION 

The designer of electronic systems requiring high current, high 
voltage components has witnessed a significant improvement in 
the availability of devices for this function. The development 
and introduction of power MOS transistors has significantly 
impacted the direction of power device technology. Future 
developments in this area are expected to have a similar effect 
as higher power, more versatile devices are introduced. This 
paper begins by tracing the development of power MOS transis- 
tors. The structure and performance of power MOS and 
bipolar transistors are then compared. The relative strengths of 
each device type are matched with applications. New solutions 
to specific systems problems are emphasized. As part of this 
comparison, an emerging class of devices — those manufactur- 
ed by combining power MOS and bipolar transistors — is dis- 
cussed. Finally, future directions of both MOS and bipolar 
transistor technology are discussed. 

EVALUATION OF POWER MOS TRANSISTORS 

The high current, high voltage power MOS transistors that are 
commercially available today are the result of nearly a decade 
of development effort. The evolution that led to these devices 
began with the N-channel MOSFET of Figure 1. Several key 
parameters determine the performance of this MOS transistor. 
These are: 

L = The channel length (see Figure 1). 
Z = The width of the channel (see Figure 1). 
He = The electron mobility in the channel region. 
V GS = The gate-to-source voltage. 
V T = The device threshold (turn-on) voltage. 
C = The capacitance per unit area of the gate oxide. 
I D = The current through the tra 



Figure 1. Structure of a Silicon Gate FET. 
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A current, I D , flows through the transistor proportional to the 
gate-to-source voltage, V GS flows through the transistor: 



^ C ° Z (V GS -V T ) 2 
2L 



Id = 

for the transistor in saturation 



(1) 



Using the definition 

A, = MtC ° 



(2) 



the change in source-to-drain voltage for a given change in the 
gate-to-source voltage is: 



1 



gm - Po (V OS -V T ) = 
'D = 



(3) 
(4) 



where Rds(ON) ' s tne device on-resistance in the linear region. 
The voltage-current relationship of a conventional MOS 
transistor is shown in Figure 2. Examination of equations (2) 
and (4) provides information on the limits of conventional 
MOSFET technology. 

The channel length, L, is determined by fabrication tolerances 
varying from l-2pim for extremely short channel, low voltage 
devices to 15-25um for higher voltage, long channel devices. 
The tolerance in the value of L is set by the ability to accurately 
reproduce the source-to-drain distance. 



Reprinted by permission of IEEE. 
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Figure 2. 



The Voltage-Current Relationship of a Conventional 
MOS Transistor Showing the Square Law Relationship. 




The reverse biased body-to-drain junction depletes further into 
the body region than the drain region because the drain region 
is more heavily doped than the body. The depletion of this junc- 
tion into the body as a result of large source-to-drain voltages 
necessitates large values of L to obtain high breakdown volt- 
ages. An MOS structure that eliminates many of the voltage 
and on-resistance limitations of conventional MOS transistors 
is manufactured with double-diffused or DMOS technology. 1 

Double-diffused MOS structures utilize the difference in the 
diffusion of sequentially introduced impurities from a common 
edge or boundary to define the channel length. The channel 
length is analogous to the base width of a conventional double- 
diffused bipolar transistor. Control of both the channel length 
and the peak dopant concentration in the body are obtained as 
in double-diffused bipolar technology by the amount of dopant 
introduced at each step and the associated diffusion cycle. The 
channel length and dopant profile for a lateral DMOS or LDMOS 
transistor are shown in Figure 3 . A DMOS transistor differs from 
a conventional MOS transistor in two significant ways: 

1. The channel length, L, is determined by the difference 
between two sequential diffusions moving in the same direc- 
tion from a common point of origin. L can be reproducibly 
controlled to values in the 1 um to 2um range. 

2. The body region is more heavily doped than the N-drain 
region. The body-to-drain junction depletes further into the 
drain region than into the body region when a reverse bias is 
placed across it. This difference allows significantly higher 
voltage to be placed across the body-to-drain junction with- 
out markedly affecting the electrical channel length of the 
transistor. 



Figure 3. 



The Structure and Dopant Profile of a Lateral 
DMOS Field Effect Transistor. 




These two differences result in MOS transistors with both a 
short channel length and the ability to withstand high drain-to- 



source voltages because of the separation of the active or 
channel region of the device from the region of the device that 
sustains the drain-to-source voltage. This structure is exactly 
analagous to that used in double-diffused bipolar transistors 
for many years. In these devices, a narrow, moderately doped 
based region controls device electrical characteristics. A highly 
doped N-collector region is used to support applied potentials. 

A variation of the lateral DMOS structure is used for the 
manufacture of high current, high voltage MOS transistors. 
The vertical DMOS transistor 2 shown in Figure 4 is similar to 
the lateral DMOS transistor, except that the N+ drain region is 
on the backside of the device and current flow is largely vertical. 

Figure 4. Structure of a VDMOS Power Transistor. 
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DMOS transistors exhibit some differences in the relationship 
between drain current and gate-to-source voltage. The simplest 
equation describing conventional MOS devices was previously 
given in equation (1): 
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(1) 



This equation indicates a square low relationship between the 
transistor current and the gate-to-source voltage. Such a 
dependence is observed in long channel MOS transistors under 
moderate gate voltages. In devices with short channel lengths 
such as DMOS transistors, the carrier velocity in the channel 
region saturates under even moderate drain-to-source voltages 
as a result of the interaction between the carriers. When 
velocity saturation occurs, equation (1) is no longer valid, and 
the drain current is linearly related to the gate-to-source voltage 
by the equation: 

I D = C ZV SAT (V CS -V T ) (5) 
where V SAT is the saturation velocity of electron in silicon. 

The voltage-current relationship of a DMOS transistor is 
shown in Figure 5. 

Figure 5. The Voltage-Current Relationship of a DMOS 
Transistor Showing the Linear Relationship. 
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vices or as switches. This paper focuses on the use of transistors as 
switches. The ideal switch has the following characteristics: 

1 . Infinite input impedance. 

2. Zero switching time. 

3. Zero on-resistance. 

4. Infinite off resistance. 

5. The ability to withstand infinite voltages. 

6. Infinitely rugged. 

7. Zero cost. 

It is unlikely that such a device will be developed in the near 
future, but both DMOS and bipolar transistors have device 
characteristics that come close to matching this list. 

The fabrication sequence for both DMOS and bipolar transis- 
tors produces devices with similar structures. This similarity 
can be seen in Figure 6. The information available from Figure 
6 may be used for comparing the performance of DMOS and 
bipolar transistors. 

Figure 6. Cross-Section of a Bipolar and a DMOS Transistor. 
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The ideal switch has an infinite input impedance and requires 
no power to change state. A bipolar transistor with a current 
gain of 10 to 100 requires a finite drive current, but a relatively 
low drive voltage. The base current must often be supplied 
from a power supply separate from the voltage on the load. For 
applications requiring high current, considerable power may be 
dissipated in the base drive circuitry. Cascaded transistor con- 
figurations are often used to reduce the base drive requirements. 

In a DMOS transistor, the oxide layer that separates the gate 
from the channel region gives it an input impendance of 10' to 
10" ohms as compared to 10 3 to 10 s ohms for a bipolar 
transistor. A DMOS transistor requires little current to 
maintain a constant voltage on its gate, but current is required 
to change the gate voltage. Figure 7 shows the amount of 
charge required to change the voltage in a 40OV/3A VN4001 
MOSPOWER transistor. Sufficient drive current must be 
sourced or sunk to change the gate voltage in the desired time. 
A higher voltage (~10V) is also required to fully turn on a 



transistor, but these drive requirements must still be met. 

Figure 7. The Gate Turn-On Charge Characteristics of a 
400W3A VN4000 MOSPOWER 1 
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Switching Time 

The switching speed of a device is directly related to time delays 
in the structure and the presence of capacitances that must be 
charged and discharged. The distance carriers must travel from 
the emitter to the collector region in a bipolar transistor is com- 
parable to the source-to-drain distance in the DMOS structure. 
Accordingly, any time delays associated with carriers traversing 
these regions are comparable. Bipolar transistors operate 
through the flow of carriers from the emitter to the collector 
region through the base region. In the base region, these 
carriers are in the "minority." Turning on a bipolar transistor 
requires only that the capacitances associated with the junction 
be charged. The minority carrier distribution or "stored 
charge" required to sustain current flow results in a "storage 
time" when the bipolar transistor is switched from "on" to 
"off." This storage time may be on the order of microseconds. 

The carrier flow from the source to the drain in a power MOS 
transistor occurs in an inverted region of the body adjacent to 
the gate. The current flow from source to drain is by majority 
carriers, hence no storage time effects are found in their 
devices. The switching time is determined by the gate capaci- 
tance and the current available from the drive circuitry. 

Voltage Drop in the "On" State 

Power MOS transistors have been portrayed as being capable 
of fast switching speeds, but having a relatively large forward 
drop in the "on" state. A comparison of the MOS and bipolar 
transistors of Figure 6 produces the results of Figure 8. This 
figure assumes that the same thickness and resistivity collector 
regions are used and that the devices have the same area. The 
same resistance value is present in the collector of the bipolar 
transistor and the drain of the DMOS transistor. However, the 
ability to bias the bipolar transistor into "quasisaturation" 
gives the bipolar transistor a significant advantage in voltage 
drop for a given current. As discussed earlier, this decreased 
voltage drop is not without its costs. The carriers present when 
the bipolar transistor in in quasisaturation result in a storage 
time. This storage time affects the device efficiency as a func- 
tion of frequency. The power resulting from both switching and 
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resistive losses have been investigated for the devices of Figure 
8. Figure 9 compares the total power loss in the two types of 
transistors 3 as a function of frequency. As expected, the bipolar 
transistor has less total power loss at low frequencies while the 
power MOS transistor is superior at high frequencies. 



Figure 8. 



Collector and Drain Characteristics for the 
Bipolar and MOSFET at Low Voltages. [3] 
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Figure 9. 



Total Power Loss vs. Frequency for MOS 
and Bipolar Transistors at 25°C. [3) 
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Device "Off" Resistance 

Similar techniques are used in the manufacture of both power 
MOS and bipolar transistors. The silicon substrates used in 
device manufacture are capable of producing transistors with 
suitably low leakage currents at room temperature. However, 
at elevated temperatures, the leakage current increases due to 
the thermal generation of carriers. This unwanted junction 
"leakage" sets one limit on the maximum transistor operating 
temperature. Bipolar transistors are typically rated at 150°C. 
Leakage currents do not impact the operation of power MOS 
devices as significantly. A power MOS transistor with a rated 
junction operating temperature of 200°C has recently become 
available. There is no reason that this temperature rating can- 
not be achieved on all hermetic power MOS devices. 

Transistor Breakdown Voltage 

No electronics component is capable of withstanding an infin- 
ite voltage. The higher the voltage a device will withstand, the 
higher the voltage drop at a given current. It is most efficient to 
use a transistor with a voltage rating matched to the applica- 
tion. Investigation of the high voltage limits of bipolar and 
power MOS transistors shows that for the same material param- 
eters in the collector and drain regions, there is a significant 
difference between the maximum voltage that the device can 
sustain under all operating conditions. This difference is shown 
in Figure 10. The bipolar transistor collector region thickness 
and resistivity must both be increased if the sustaining voltage 
of the bipolar transistor is to equal the breakdown voltage of 
the power MOS transistor. This change in the collector 



material reduces the voltage drop advantage that a bipolar tran- 
sistor has over a power MOS transistor. 



Figure 10. 



The Maximum Operating Voltage of a Bipolar and an 
MOS Transistor Fabricated in the Same Starting 
Material. [4] 
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At this time, bipolar transistors are available with voltage 
ratings higher than MOS transistors. This greater availability is 
the result of at least four factors: 

1. Bipolar transistors have been under development for a 
longer period of time, so the techniques needed to obtain 
high voltages have been used more frequently. 

2. A market for high voltage bipolar transistors has been devel- 
oped over the years. 

3. The large increase in MOS transistor on-resistance with 
breakdown voltage results in poorer relative performance 
when compared to bipolar transistors as the breakdown 
voltage increases. 

4. The junctions used in the manufacture of MOS transistors 
are often shallower than those of a bipolar transistor. The 
surface geometry of a power MOS transistor places a restric- 
tion on the junction depth if efficient surface utilization is to 
be realized. High breakdown voltages are more easily obtain- 
ed with greater junction depth. 

With these constraints, it is unlikely that power MOS transis- 
tors with ratings in excess of 1200V will be commercially 
attractive. 



Ruggedness 



When comparing these two device types in terms of ruggedness, 
the power MOS transister is superior. Bipolar transistors have a 
positive temperature coefficient with current while MOS tran- 
sistors have a negative temperature coefficient. As seen in 
Figure 11, a bipolar transistor has substantially higher voltage 
blocking capabilities at low currents, but a power MOSFET is 
rugged at high currents. The negative temperature coefficient 
of the MOSFET reduces the current through localized regions, 
allowing the transistor to sustain a considerably higher current 
over the entire chip. The power dissipation characteristics of 
the package, whether it houses a bipolar or an MOS transistor is 
also of great importance. The difference in safe operating area 
between packaged bipolar and power MOS transistors is shown 
in Figure 12. 
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Figure 11. The Safe Operating Area Limits of Power MOS 
and Bipolar Transistor Chips. [5] 
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Figure 1 2. The Safe Operating Area of Assembled Power 
MOS and Bipolar Transistors. 
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A compaxison of the process steps used in the manufacture of 
the two types of transistors reveals that both the process com- 
plexity and the number of critical process steps is greater for an 
MOS transistor. It follows that for the same die size, MOS 
transistors can, at best, approach the costs of bipolar transis- 
tors. The performance of each device per unit area and ex- 
penses associated with packaging and testing are two additional 
factors that impact cost. Based on the performance advantages 
that bipolar transistors have at higher voltages, they should 
remain less costly in this range. This conclusion is verified by 
the cost projections contained in Figure 13. 



Figure 13. Cost Projections for Bipolar and MOS Power 
Transistors. [5] 




POWER TRANSISTOR APPLICATIONS 

The use of bipolar power transistors is continuing to expand as 
power conditioning efficiency becomes more important. The 
application of bipolar transistors is well documented, so their 
use will not be addressed here. Power MOS transistors are well 
under a decade old, however, and their use is continually 
expanding. Figure 14 shows the world consumption of power 



transistors from 1950 to 2000. The growth in the use of power 
MOS transistors, new technologies, and power ICs is particu- 
larly impressive. The remainder of this paper focuses on the 
application of power MOS transistors alone or in conjunction 
with bipolar transistors. 

Figure 14. The Life Cycle of Low-Frequency 
Power Transistors. [5] 
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The applications most suited for power MOS transistors are 
those that utilize one of their advantages over bipolar transis- 
tors. A quick comparison of relative performance is given in 
Table 1. Using this table, one sees that applications needing 
high frequency capability and ruggedness are natural for power 
MOS transistors. The switch mode power supply has been iden- 
tified as one such product. Much work has been done to use 
power MOS transistors as the main switching elements in these 
power supplies. Two additional power supply applications for 
MOS power transistors have recently emerged. 

Table 1 

A Comparison of Power MOS and 
Bipolar Electrical Characteristics 
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Synchronous Bridge Rectifier 

In power supplies and in other applications requiring full wave 
rectification, the diode bridge shown in Figure 15 is often used. 
The diodes in the bridge are not ideal, and there is a voltage 
drop of approximately 0.6 V across the diode when it is 
conducting. There are also recovery- and steady-state currents 
in the reverse direction. The differences between the ideal and 
the actual current waveforms are shown in Figure 16. An alter- 
nate approach to rectification is shown in Figure 17. Using this 
circuit, the voltage drop across the bridge is significantly 
reduced. This reduction in voltage drop is apparent in Figure 
18, where the output of a conventional diode bridge rectifier 
circuit and the power MOS synchronous bridge are compared 
to the input signal. Unfortunately, this circuit is limited to 
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applications with less than 30V peak to peak because of the 
breakdown voltage of the gate dielectric of the MOSFET. A 
second advantage of the power MOS synchronous bridge recti- 
fier results from the reverse recovery current of the diode. The 
recovery time associated with this current reduces the efficiency 
of the bridge as the operating frequency increases. The effi- 
ciency of a conventional bridge using fast recovery diodes is con- 
siderably less than that of the power MOS synchronous bridge. 
This difference in efficiency is shown in Figure 19, where the 
response of each bridge to a 400KHz squarewave is shown. 

Figure 15. A Conventional Diode Bridge Rectifier. 



Figure 19. A Comparison of the Efficiency of a Conventional Diode 



VlN 





00 



Bridge Rectitier and a MOSPOWER Synchronous Bridge ^ % 
Rectifier with a 400 KHz Square Wave Input l>J 
( .5ns/div;5V/div.). ■ 



b. MOSPOWER bridge. 



Figure 16. The Differences Between Ideal and Actual Current 
Waveforms of a Diode. 




Figure 17. 



A Synchronous Bridge Rectifier Using 
MOSPOWER Transistors. 




Synchronous Power MOS Rectifier 

The second power supply application for power MOS transis- 
tors is replacing Schottky diodes as shown in Figure 20. A 
power MOS transistor is capable of carrying current in both 
directions. However, the body-drain diode limits the forward 
voltage across the junction, as seen in Figure 21. Figure 22 
depicts the two current flow paths in a power MOS transistor 
used as a synchronous rectifier. The resistive characteristic of 
the power MOS transistor produces a sufficiently low voltage 
drop as long as its on-resistance is properly chosen. The device 
on-resistance depends strictly on area and breakdown voltage. 
Figure 23 shows the product of the device area and the on- 
resistance as a function of breakdown voltage for a variety of 
commercially available devices. Their performance is com- 
pared with the theoretical minimum for a silicon power MOS 
transistor. At low voltages, an order of magnitude improve- 
ment is possible in device performance per unit area. Assuming 
a 50 V, 100A device is needed with a total voltage drop of 0.5 V, 
it can be theoretically realized in a 2 mm x 2 mm (80 mils X 80 
) chip if technology can come within a factor of two of the 
l limit. 



Figure 18. Input and Output Signals of Bridge Rectifiers. 



Figure 20. Use of a MOSPOWER 
a Schottky Diode. 



tor to Replace 





a. Conventional diode bridge. b. MOSPOWER synchronous bridge. 
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Figure 21. The Forward and Reverse Characteristics 
of a MOSPOWER Transistor. 




Figure 22. The Carrier Paths in a MOSPOWER Transistor 
Used as a Synchronous Rectifier. 




Drain Current (ID) 



Figure 23. Device On-R esistance 
Area Product as a 
Function of Breakdown 
Voltage for Power MOS 
Transistor. 16] 




keep the bipolar out of full saturation. The majority carrier 
characteristics of the MOSFET allow the bipolar transistor to 
switch rapidly in this configuration. Trade-offs in the base- 
emitter resistor value and the on-resistance of the MOS tran- 
sistor result in the combined device performance variations 
shown in Figure 25. This figure shows the trade-off between 
voltage drop and switching speed as a function of base-emitter 
resistor value and the Rds(ON) of tne MOSFET. The ruggedness 
of this configuration is determined by the characteristics of the 
bipolar transistor. This configuration may be implemented by 
the circuit designer using discrete devices. This approach allows 
optimization of important performance parameters. If suffi- 
ciently large numbers of devices are required, they can be easily 
obtained using hybrid technology. It is also possible to fully in- 
tegrate the cascade configuration as shown in Figure 26. 

Figure 24. The MOS-Bipolar Cascade Configuration with a 
Base-Emitter Bypass Resistor. 



_ J 



Figure 25. Performance of the MOS-Bipolar Cascade Configuration 
as a Function of Base-Emitter and MOS Transistor 
Resistance. 



Composite MOS/Bipolar Devices 




The comparison of transistor characteristics shown in Table 1 
has led to the proposal of combining bipolar and MOS transis- 
tors to take advantage of the best characteristics of each type. 
Three device configurations warranting consideration are the 
cascade, the cascode, and the parallel combinations. 

Cascade Configurations 

The Darlington configuration with one bipolar transistor 
driving another can be modified to take advantage of the char- 
acteristics of an MOS transistor. Substitution of an MOS tran- 
sistor for the input transistor as shown in Figure 24 produces a 
composite device with the advantages of both transistor types. 
The high input impedance of the MOS transistor reduces the 
circuit drive requirements. In addition, all of the current 
through both the MOS transistor and the bipolar transistor 
flows through the load. This configuration retains the current 
handling capability and the low voltage drop of the bipolar tran- 
sistor, but without the slow switching times. The MOS transis- 
tors across the base-collector junction of the bipolar transistor 



Figure 26. 



Cross-Section of a Monolithic 
MOS-Bipolar Structure. [7] 




Cascode Configuration 

The MOS-bipolar cascode configuration of Figure 27 produces 
a combined device with the collector base-breakdown voltage 
of the bipolar transistor and the fast switching characteristics of 
the MOS transistor. Since the MOS transistor only sees the 
base-emitter breakdown voltage, a high current, low on-resis- 
tance device may be used. The voltage drop is determined by 
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the saturation voltage of the bipolar transistor and the on- 
resistance of the MOSFET. This configuration also has the safe 
operating area of the common base bipolar transistor. 

Figure 27. Tha MOS-Bipolar Cascode Configuration. 




The cascode configuration may also be realized using discrete 
components, though it is not easily integrated. Proper selec- 
tions of component values and the base bias voltage result in 
switching characteristics optimized for the applications. Figure 
28 shows the impact of varying the base bias voltage on the col- 
lector current. As the collector current begins to saturate, the 
turn-off time of the circuit increases, limiting the maximum 
switching frequency. 

Figure 28. Collector Current vs. Base Voltage for the 
Cascode Configuration. 




The use of an MOS transistor in parallel with a bipolar transis- 
tor as shown in Figure 29 has advantages that are not readily 
apparent. By properly sequencing the drive signal to the gate 
and the base, the ruggedness and fast switching speed of the 
MOS transistor may be combined with the low voltage drop of 
the bipolar transistor. The MOSFET is first turned on, allowing 
the load current to flow while absorbing any turn-on transient. 
The bipolar transistor is then turned on and the voltage across 
the parallel structure drops to its Vceisat)- To turn the parallel 
combination off, the bipolar transistor base drive is first 
removed and the load current flows through the MOSFET. 
After the current through the bipolar transistor reaches zero, 
the MOS transistor is turned off, absorbing the associated 
transient. This series of events is shown in Figure 30, where the 
bipolar transistor input and the combined voltage drop across 
the parallel combination is shown. Figure 31 shows the bipolar 
and MOS current waveform during this drive sequence. 



Figure 29. The MOS-Bipolar Transistor Parallel Configuration. 



D C 




Figure 30. The Bipolar Transistor Input and the Combined 
Voltage Drop of the Parallel Configuration 
(10V/div., 5 ^sec/div., R L = 50 a ). 




Figure 31. The Bipolar and MOS Transistor Current 
Waveform {5 ^sec/div.). 



T 

ISO mA 
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The parallel combination of a bipolar and an MOS transistor 
may be optimized using discrete devices, but, as with the 
cascode configuration, it is possible to integrate this structure. 
A cross-section showing one monolithic implementation is 
shown in Figure 32. 



Figure 32. Monolithic Implementation of the Parallel 
MOS-Bipolar Transistor Configuration. [8) 
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The brief, but dynamic, history of power MOS transistors has 
been presented in this paper. Power MOS transistors have 
become accepted by "circuit design" engineers because of their 
performance advantages over bipolar transistors in certain 
applications. A comparison of MOS and bipolar transistors has 
been made. The strengths and weaknesses of each device type 
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transistors suggested combining the device types to gain the 
advantages of each. The performance of the cascade, cascode, 
and the parallel configuration has been discussed. These per- 
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Figure 33. The Switching Waveforms of Combination Devices. [9] 
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The development of new power semiconductor devices and 
power integrated circuits has not been discussed in this paper. 
Both of these areas promise to significantly impact the direc- 
tion of power handling and conditioning technology. As new 
devices and integrated circuits become available to the design 
engineer, advancements in this area will continue. 
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Introduction 

Siliconix is committed to your future system designs. As a multinational semiconductor manufac- 
turer, we offer some of the industry's broadest product lines. No one gives you more analog 
switch ICs and MOSPOWER to choose from. Our multiple technologies include DMOS, VMOS, 
CMOS, PMOS, PMOS/bipolar and bipolar. And we are constantly advancing semi-custom state-of- 
the-art technology. 



s^tFETs 

Siliconix is an industry leader in the manufacture of Small Signal FETs, offering a broad line of 
Junction Field Effect Transistors, MOS Field Effect Transistors, and DMOS Field Effect Transis- 
tors. Each line of transistors offers high-performance characteristics for such applications as 
low-noise, low-frequency amplifiers, low-drive DC amplifiers, high-frequency amplifiers on oscilla- 
tors (to 1 GHz), ultra-low operating gate currents (to 10~ 13 Amp), and high-speed analog switching 
(under 1 ns). 

Junction FETs are also used in N-channel monolithic and discrete pairs for a wide variety of use 
as high-performance amplifiers. 

Siliconix offers a wide variety of package combinations, ranging from hermetic packaging to 
plastic packaging. Also offered are products in chip form to address hybrid requirements. 



MOSPOWER 

MOSPOWER identifies the "up front" technology that places Siliconix among the leaders in 
power device development for the 1980's, and has helped make Siliconix the Discovery Company. 

MOSPOWER is a generic name coined by Siliconix to identify not only Siliconix's expanding fam- 
ily of medium and high power MOSFETs, but all power MOSFETs. The name also covers the many 
technologies used in the manufacture of these power MOSFETs which have been identified by 
various trade names. Vertical DMOS (double-diffused MOS); metal-gate V-groove MOS for high-fre- 
quency; lateral DMOS technology for arrays — all are covered by this generic name: MOSPOWER. 



RF POWER 

MOSPOWER shadow-mask vertical technology is used to manufacture the only true power MOS 
transistors. The technology enables their use as RF broadband amplifiers in the 2MHz to 200MHz 
region, providing output powers from 2 to 120 watts. Devices are available for 12.5V or 28V opera- 
tion and in a variety of packages to suit different needs. They offer the advantages of high stage 
gain, low baseband noise and immunity to burn-out due to mismatch. The latest addition is the 
35V single-side-band 2-30MHz series. 
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Analog Switch ICs 

Siliconix JFET, MOSPOWER and Integrated Circuit (IC) technologies have been utilized to pro- 
duce an extensive family of Analog Switch ICs. They are used in many high-reliability military and 
aerospace applications such as Mercury, Gemini, Apollo and Skylab manned space programs. 
The family of analog switch ICs includes monolithic multi-channel switches with integral drivers. 
Also high performance JFET switches packaged with IC drivers offering very low ON-resistance, 
fast switching, excellent frequency response (DG180 series); low spike feed-through, low leakage 
and high OFF-isolation (DG281); low cost, single or dual supply operation (DG308, DG211); low 
consumption CMOS switches (DG300 series) and multiplexers with up to 16 channels (DG506A). 
The recent addition to the range of analog switch ICs is the Plus-40 enhanced DG5040 series with 
guaranteed safe operation up to 44V, and DG243CJ, the dual make-before-break equivalent of the 
DG5043CJ. 



LSI/Linear Circuits 

Siliconix is an industry leader in telecommunications circuits, A/D conversion and micropower 
linears. The Company's LSI or linear ICs are incorporated in products ranging from sophisticated 
instrumentation to consumer smoke detectors. Advanced processing capabilities used in the 
manufacture of such ICs range from high and low voltage CMOS to bipolar-PMOS. High reliability 
processing procedures combined with volume production capabilities complement state-of-the- 
art products. 



Telecommunications 

Siliconix is a high-technology manufacturer of complex, highly specialized integrated circuits for 
the telecommunications industry. The current product lines use the CMOS process to satisfy the 
low power requirements of the telecom industry. Our Loop Disconnect Dialer Circuits offer sub- 
scribers push-button dialing privileges even with exchange systems presently tied to the rotary 
dial pulse timing. 



High-Reliability Devices 

Siliconix's capability in providing high-reliability devices to meet stringent military or aerospace 
applications is amply demonstrated by the Company's qualifications as a supplier for important 
European projects that include Ariane, Concorde, European Airbus, the Alpha Jet and Tornado 
Aircraft, also Apollo, Viking and Voyager space projects. 

Siliconix has a number of standard Hi-Rel screening options that can be applied to standard prod- 
ucts. These options include screening to BS9000 for analog switches and CECC standards for 
FETs, also MIL-STD-750 for discrete FETs. In addition, Siliconix offers certain JEDEC-registered 
FETs with JAN, JANTX and JANTXV processing, as well as an increasing number of QPL-listed 
analog switches. Special additional inspections and controls can be met and Siliconix can supply 
SEM-qualified products to meet individual customer requirements. 
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JmalFET Product Information 

Siliconix products are divided into three basic categories: 
Standard Products, Modified Standard Products, Custom Products 

■ Standard Products All the part numbers described in this catalog are standard products. A summary list of the 

prefixes used is shown below in the Device Identification Table. Ordering any of the stand- 
ard products is easily done by referring to the data sheet part number. For example, a 
2N4391 is simply ordered by that number: "2N4391." It will also appear in that form on 
the price lists, published separately. 

■ Examples of Modified Standard Products are: 



Electrical Specials 



Devices with either tightened, relaxed and/or special electrical specifications selected from 
a standard product. 



Mechanical Specials Devices with standard or modified electrical specifications mounted in non-standard pack- 

ages or modified (lead formed) standard packages. Modifications and/or additions to stand- 
ard marking are also considered mechanical specials. 

High Reliability Specials Siliconix has a number of standard High-Reliability screening options that can be ordered 
as standard products. These options include Ml L-STD-750B. High-Rel process option de- 
tails will be found in the introductory section of this data book. In addition, Siliconix 
offers certain JEDEC-registered FETs with JAN, JANTX, or JANTXV processing. Refer to 
any current Siliconix OEM price list for details on specific part numbers. If existing screen- 
ing processes do not meet individual customer requirements, Siliconix can provide special 
additional inspections and controls to meet the stringent demands. 

In all of the above cases (with the exception of JAN, JANTX, or JANTXV parts), a special part number is assigned 
which defines the part either by reference to customer's print(s) or by associated special requirements. Each special 
product is proprietary to the customer, and is not made available to other customers. 

Custom Products Are designed to meet customer requirements not realizable by selection from standard 

parts; usually, these products require special engineering development. The proprietary re- 
lationship described above also applies to custom products. 

Inquiries for SPECIAL DEVICES may be directed to the nearest field sales office or to: 

FET Marketing Department, Siliconix incorporated, 2201 Laurelwood Road, Santa Clara, California 95054, 
Telephone: (408) 988-8000. 



FETs/Part Number Prefixes and Suffixes 



xxx 



CR 
CRR 

DPAD 

DM 

DN 

FN 

J 

JPAD 
M 

MEM 
MU 

PAD 

PF 

PN 

SD 
SU 
U 

VCR 

VMP 
VN 
2N 
3N 



Si Standard N-Channel Current Regulator 
Si Standard Dual J FET Diode 

Special N-Channel JFET 

Si Standard TO-92 Cased FET 

Si Standard TO-92 Cased JFET Diode 

Si Standard MOSFET 

Si Standard MOSFET 

Special MOSFET 

(Also Standard Offering) 

Si Standard JFET Diode 

Special P-Channel JFET (Also Standard Offering) 
Si Standard DMOS 

Special P-Channel JFET (Also Standard Offering) 

Si Standard FET 
Si Standard N- and P-Channel 
Voltage Controlled Resistors 
VMOS Power FET N-Channel 

JEDEC-Registered Device 



Si Standard N-Channel 
Current Regulator 

Special DMOS 

Special N-Channel 

Dual FET (Also Standard Offering) 

Special N-Channel JFET 
(Also Standard Offering) 
Special TO-92 Cased FET 
(Also Standard Offering) 



Si Standard TO-92 Cased FET 
Si Standard FET 



VMOS Power FET N-Channel 
JEDEC-Registered Device 



Suffix 



Std TO-92 Package with Center Lead Formed Toward Flat of TO-92 Package 



The above prefix list does not include some second source products supplied by Siliconix. Refer to FET Cross Reference 
and Index or current price list for availability of these devices. 
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Product Selector Guide 



Application 


Detail 
Application 


Important FET 
Parameters Required 


Major 
Tradeoffs 


Unimportant 
FET Parameters 


Preferred 
Parts 














AMPLIFIER 


Audio 

Buffer 
Differential 

High Input 
Impedance 
High Frequency 

FET Input Op Amp 


Low noise (e n ), 
gfs'Sos 

Low \q, high gf s 
Good matching Vqs. 
gfs. 'DSS' 'g 
Very low Iq 
(e.g., MOSFET) 
High gf s /C|ss ratio, NF, 
RF parameters 
Good matching Vqs. 
9fs. IDSS. IG 


Voltage 
amplification 
factor \i 

= 9fs'9os 
@ ID = const 


BDS(on) 
v DS(on) 
iD(off) 

Switching Times 


J111-3 

PN4091-3 

2N4094-3 

2N4856-61 

2N4339-40 

2N4867-69 

J230-32 

J202-4 

J308-10 

U308-10 




Low Distortion 


High VQS(off) compared 
to signal amplitude 
Low V G s(off) 
Low e n , i n , low 1/f noise, 










Low Supply Voltage 
Low Noise 










Preamplifier 
Video 


low NF 

Operate near IqzO. high 
gf s /lD ratio 

High gfs'Cj S s ratio, NF 










Analog Gates 


Fast switching time 


RDS(on) 


gfs 


2N4091-3 


SWITCHES 


Choppers 

Commutators 
Digital 

Integrator Reset 


r DSflD(off) switching 

efficiency 

Low C rss 

Fast switching time 
Very low RDS(on), High 
IDSS 
Low C rss 


vs. 

Capacitance 


90s 

loss max 


2N4391-3 

PN4091-3 

PN4391-3 

J108-10 

J105-7 

U290-1 

2N5432-4 




Sample and Hold 






CONSTANT 

CURRENT 

SOURCE 


Current Limiting 
Reference Current 
Source 
Biasing 


Low g oss , 
low VGS(off). 
high dvqss 


idss 

vs. 
BVqsS 


9fs. RDS(on). iD(off). 
v DS(on) switching 
times, RF parame- 
ters, capacitance 


CRR Series 

J501-11 

J552 

Any J-FET 






VOLTAGE 

CONTROLLED 

RESISTORS 


Gain Control 
Amplitude Stability 
Attenuators 


High VQs(off) ,or wide 
dynamic range and low 
distortion 




gfs. bv G ss. idss 


VCR Series 
Any J-FET 




VHF 


RF parameters, NF, high 






U430-1 


MIXERS 


UHF 

Double Balanced 


8fs /c iss r at'o, 
low C rss 

Matching 
characteristics 




r DS(on) 
VDS(on) 


U440-1-3-4 
2N5911-12 
U308-10 
J308-10 


OSCILLATORS 


Class A 
Class C 


Good gf s at operating 

frequency 

Low Cj ss for VHF 

operation 


gts 

vs. 

Capacitance 


iD(off) 


2N4416 
PN4416 
U308-10 
J308-10 



alllUUi hJk 
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Additional Information 




PROCESS DESIGNATION 


NT 


NP 


NH 


NRL 


NS 


NZA 


NZF 


NVA 


NIP 


NC 


MRA 


NNT 


Low Current Amplifier 


P 


S 




S 


s 












P 


P 


Low Freq Amplifier <, 100 Hz 




S 




S 


s 










P 




High Freq Amplifier > 100 MHz 






P 






P 


P 






- 






HF> 400MHz Prime 












P 


S 












General Purpose Amplifier 




P 


P 


p 












P 






Low Noise Amp (10 Hz e n ) 




P 


s 


s 


s 








Q 
O 


P 






Low Noise Amp > 50 MHz 






P 


s 




P 


P 












High Frequency Mixer 






P 






P 


P 












Dual Diff Pair 
























P 


AGC Amplifier 






p 


p 






P 












Electrometer Preamp 


P 






















P 


Microvolt Amplifier 


P 






















P 


Low Leakage Diode 


P 


S 






















Low Leakage Dual Diode 
























P 


Smoke Detector Input 


P 




















P 




Battery Operated Amp < 1.5V 


P 


p 




















P 


Diff/Single Ended Inp. Stag. 
























P 


High Slew Rate Diff Amp 


























Active Filter 




s 


p 


p 


















Oscillator 




s 


p 


p 




P 


P 












Voltage Controlled Resistor 





s 


p 


p 












P 






Hybrid Chips 


P 


p 


p 


p 












P 




P 


Analog/Digital Switch 






g 










P 


P 


p 


c 
o 




Multiplexing 






p 


s 








S 


s 


P 






Choppers 
















P 


p 


P 






Reed Relay Replacement 
Sub pA Dual Diff Pair 
















P 


p 






























P 


Sample Hold 






p 


s 












P 




S 


Buffer Interface to CMOS 


























Matched Switch 


























Current Limiter 




















P 






Current Source 


S 


s 




LV 
















LV 


High Voltage Protection Diode 



























P= PRIME CHOICE 

S = SECONDARY (ALTERNATIVE) CHOICE 
LV= LIMITED VALUE 
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N&P- Channel Single JFETs 
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THRESHO 
VOLTAGE 
(V. MAX.) 


BREAKDO 
VOLTAGE 
IV. MAX.) 


URATION 


s- 
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INPUT 
CAPACITAIS 
(pF, MAX.) 
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x > 5 
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SISTANCE 


GEOMET 
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m 


Gate 
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I- 
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z 


Min. 


Max. 
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Max. 
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o m 


Gate 


Chnl 
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2N41 1 7 


N 


72 


0.01 




1.8 


40 


0.03 


0.09 


70 


210 


3 
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NT 
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') KIA 1 1 1 A 

iN41 1 / A 


N 


72 


0.001 




1.8 


40 
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0.09 


70 


210 
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NT 
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0.01 
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40 


0.2 


0.6 


100 


330 
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- 


NT 


2N41 19A 


N 


72 


0.001 




6.0 


40 


0.2 


0.6 


100 


330 
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NT 


m 


PN41 17 


N 


92 


0.01 




- 40 




0.03 


0.09 


70 


210 


— 




— 


3K 


NT 






N 




OOl' 




- 40 




0.03 


0.09 


70 


210 






— 


3K 


NT 




PN4118 


N 


92 












0.24 


80 


250 




_ 




3K 


NT 




PN4118A 


N 


92 


0.001 




- 40 




0.08 




80 






— 










PN4119 


N 


92 


0.01 




- 40 




0.2 


0.6 


100 


330 








3K 


NT 




PN4119A 


N 


92 


0.001 




-40 




0.2 


0.6 


100 


330 




— 




3K 


NT 




PN4120 


N 


92 


_ 




-40 




0.2 


0.6 


100 


330 




— 




3K 


NT 




FN4117 


N 


72 


0.005 




-40 




0.03 


0.09 


70 


210 








3K 


NT 




FN4117A 




72 


0.001 




2.0 


40 


0.03 


0.2 


70 


210 










NT 




FN4118 




72 


0.005 




-40 




0.08 


0.24 


80 


250 








3K 


NT 




FN4118A 


N 


72 


0.001 




2.0 


40 


0.08 


0.4 


80 


250 


3 








NT 




FN4119 


N 


72 


0.005 




-40 




0.2 


0.6 


100 


330 




_ 




3K 


NT 




FN4119A 


N 


72 


0.001 




6.0 


40 


0.2 


1.2 


100 


330 


3 








NT 




FN4392 


N 


18 


0.1 


- 


40 




25 


100 








_ 


60 




NC 




FN4393 


N 


18 


0.1 


0.1 


40 




6.0 


60 








— 


100 


14 


NC 




2N4220A 


N 


72 


0.1 




4.0 


30 


0.5 


3.0 


1000 


4000 


6 


2.5 


1M 




NR L 




2N4221 A 


N 


72 


0.1 




6.0 


30 


2.0 


6.0 


2000 


5000 


6 


2.5 


1M 




NRL 




2N4222 


N 


72 


0.1 




8.0 


30 


5.0 


15 


2500 


6000 


6 


2.5 


1M 




NRL 




2N4338 


N 


18 


0.1 




1.0 


50 


0.2 


06 


600 


1800 


7 


1-0 


1M 




NP 




2N4339 


N 


18 


1 




1.8 


50 


0.5 


1.5 


800 


2400 


7 


1.0 


1M 




NP 




2N4340 


N 


18 


0.1 




3.0 


50 


1.2 


3.6 


1300 


3000 


7 


1.0 


1M 




NP 




2N4341 


N 


18 


0.1 




6 


50 


3.0 


9.0 


2000 


4000 


7 


1.0 


1M 




NP 




2N4867 


N 


72 


25 




2.0 


40 


0.4 


1.2 


700 


2000 


25 


20 






NS or NP 




2N4867A 


N 


72 


0.25 




2.0 


40 


04 


12 


700 


2000 


25 


10 






NS or NP 




2N4868 


N 


72 


0.25 




3.0 


40 


10 


3.0 


1000 


3000 


25 


20 






NS or NP 




2N4868A 


N 


72 


0.25 




3.0 


40 


1.0 


3.0 


1000 


3000 


25 


10 






NS or NP 


i- 

O 

i 


2N4869 


N 


72 


0.25 




5.0 


40 


2.5 


7,5 


1300 


4000 


25 


20 






NS or NP 


2N4869A 


N 


72 


0.25 




5.0 


40 


2.5 


7.5 


1300 


4000 


25 


10 






NS or NP 


z 

o 


J230 


N 


92 


0.25 




3.0 


40 


0.7 


3.0 


1000 


2500 




30 






NS or NP 


J230 18 


N 


92 


0.25 




3 


40 


0.7 


3.0 


1000 


2500 




30 






NS or NP 


ISE 


J231 


N 


92 


0.25 




5 


40 


2.0 


6.0 


1500 


3000 




30 






NS or NP 


J231 18 


N 


92 


0.25 




5.0 


40 


2 


6.0 


1500 


3000 




30 






NS or NP 




J232 


N 


92 


0.25 




6.0 


40 


5 


10 


2500 


4000 




30 






NS or NP 





p 



O 

a 
c 

o 

CO 

"D 
<D 
O 

■■i 

t^mm 

o 

Q 

■VI 

O 
D 



N & P-Channel Single JFETs 
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I 
z 



3 c> 
>30H 
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m 3D 
Z > 
H H 



» O =0 

e z > 

Is* 

z 

o 
m 



2? 



Ill 



3 r- 

> i 

:_. o 

o rn 



Gate 

12 



Chnl 
n. Max. 



f s 

2 O 
o' 3 
= m 

— 30 
< 



(J) 



I 



J232-18 
J270-18 



2N3819 

2N3823 

2N4223 

2N4224 

2N4416 

2N4416A 

2 N 5078 

2N5484 

2N5485 

2N5486 

2NS668 

2N5669 

2N5670 

J210 

J211 

J212 

J270 

J271 

J300 

J304 

J305 

J308 

J309 

J310 

PN4416 

MPF102 

MPF108 

MPF112 

U308 

U309 

U310 

U311 

U312 



92 
92 



0.25 
0.2 



6.0 

2.0 



40 
30 



5.0 

2.0 



10 
15 



2500 
6000 



4000 
15000 



92 
72 
72 
72 
72 
72 
72 
92 
92 
92 
92 
92 
92 
92 
92 
92 
92 
92 
92 
92 
92 
92 
92 
92 
92 
92 
92 
92 
52 
52 
52 
72 
52 



2.0 
0.5 
0.26 
0.5 
0.1 
0.1 
0.25 
1.0 
1.0 
1.0 
2.0 
2.0 
2.0 
0.1 
0.1 
0.1 
0.2 
0.2 
0.5 
0.1 
0.1 
1.0 
1.0 
1.0 
1.0 
2.0 
1.0 
100 
0.15 
0.15 
0.15 
0.15 
0.1 



8.0 
8.0 
8.0 
8.0 
6.0 
6.0 
8.0 
3.0 
4.0 
6.0 
4.0 
6.0 
8.0 
3.0 
4.5 
6.0 
2.0 
4.5 
6.0 
6.0 
3.0 
6.5 
4.0 
6.5 
6.0 
7.5 
8.0 
10 
6.0 
4.0 
6.0 
6.0 
6.0 



25 
30 
30 
30 
30 
35 
30 
25 
25 
25 
25 
25 
25 
25 
25 
25 
30 
30 
25 
30 
30 
25 
25 
25 
30 
25 
25 
25 
25 
25 
25 
25 
25 



2.0 
4.0 
3.0 
2.0 
5.0 
5.0 
4.0 
1.0 
4.0 
8.0 
1.0 
4.0 
8.0 
2.0 
7.0 

15 
2.0 
6.0 
6.0 
5.0 
1.0 

12 

12 

24 
5.0 
2.0 
1.5 
1.0 

12 

12 

24 

20 

10 



20 
20 
18 
20 
15 
15 
25 

5.0 
10 
20 

5.0 
10 
20 
15 
20 
40 
15 
50 
30 
15 

8.0 
60 
30 
60 
15 
20 
24 
25 
60 
30 
60 
60 
30 



2000 
3500 
3000 
2000 
4500 
4500 
4500 
3000 
3500 
4000 
1500 
2000 
3000 
4000 
7000 
7000 
6000 
8000 
4500 
4500 
3000 
8000 
10000 
8000 
4500 
2000 
2000 
1000 
10000 
10000 
10000 
10000 
6000 



6500 
6500 
7000 
7500 
7500 
7500 
10000 
6000 
7000 
8000 
6500 
6500 
7500 
12000 
12000 
12000 
15000 
18000 
9000 
7500 

20000 
20000 
18000 
7500 
7500 
7500 
7500 
20000 
20000 
18000 
20000 
10000 



6 
6 
4 
4 

6 
5 
5 
5 
7 
7 

7.0 



7.5 
7.5 
7.5 
4.0 
7.0 
6.5 

7.5 
7.5 
7.5 
7.5 
5.0 



2.5 
5.0 

2.0 
2.0 
3.0 
3.0 
2.0 
2.0 
2.5 
2.5 
2.5 



2.0 

2.5 



IK 
1K 

1K 
1K 
1K 
1K 
1K 
IK 
1K 
IK 
1K 



1K 
1M 



NS 
PS 



NRL 

NRL 

NRL 

NRL 

NH 

NH 

NH 

NH 

NH 

NH 

NH 

NH 

NZF 

NZF 

NZF 

PS 

PS 

NZF 

NH 

NH 

NZA 

NZA 

NZA 

NH 

NH 

NH 

NH 

NZA 

NZA 

NZA 

NZA 

NZF 
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SFET Product Specified 







N&P-Channel Single JFETs 


PART NUMB 


o 


PACKA 
(TO- ) 


(nA. MAX.) 


LEAKAGE 


THRESHO 
VOLTAGE 
(V. MAX.) 


BREAKDO 
VOLTAGE 
(V, MAX.) 


SATURATION 

CURRENT 

(mA) 


TRANS- 
CONDUCTANCE 
gfs (Aimhos) 


INPUT 
CAPACITAIV 
(pF. MAX.) 


NOISE VOLTAGE 
(nV/s/Hi. MAX.) or 
(NF. dB, MAX.) 


RESISTANCE 


GEOMET 
(Section 4 


DEVI 


m 
30 


•o 



rn 


Gate 


Chnl 


r 
o 


2 


Min 


Max. 


Min 


Max 


O 


Gate 

a 


Chnl 
12, Max. 


— 33 
< 


O 
m 


U1837 


N 


92 


0.25 


_ 


8.0 


30 


4.0 


25 


4500 


10000 


6.0 


3.0 


1K 




- 


NH 


>3J 
3 -n 

T 


U1837-18 


N 


92 


0.25 


_ 


8.0 


30 


4.0 


25 


4500 


10000 


6.0 


2.0 


1K 






NH 


2N3824 


N 


72 


0.1 


0.1 


8.0 


50 




— 


— 


— 


6.0 




— 




250 


NRL 




2N3966 


N 


72 


0.1 


1.0 


6.0 


30 


2.0 


- 


- 


- 


6.0 




- 




220 


NH 




2N3970 


N 


18 


0.25 


0.25 


10 


40 


50 


150 


— 




25 








30 


NC 




2N3971 


N 


18 


0.25 


0.25 


5 


40 


25 


75 


— 


— 


25 




— 




60 


NC 




2N3972 


N 


18 


0.25 


0.25 


3.0 


40 


5.0 


30 


— 


— 


25 




— 






NC 




2N4091 


N 


18 


0.2 


0.2 


10 


40 


30 


— 


— 


— 


16 




- 




30 


NC 




2N4092 


N 


18 


0.2 


0.2 


7.0 


40 


15 


— 


- 


— 


16 




— 




50 


NC 




2N4093 


N 


18 


0.2 


0.2 


5.0 


40 


8.0 


- 


— 


- 


16 


- 






80 


NC 




2N4391 


N 


18 


0.1 


0.1 


10 


40 


50 


150 






14 








30 


NC 




2N4392* 


N 


18 


0.1 


0.1 


5.0 


40 


25 


75 


- 


- 


14 


- 


- 




60 


NC 






N 


18 


0.1 


0.1 


3.0 


40 


5.0 


JU 






14 








100 


NC 




2N4856 


N 


18 


0.25 


0.25 


10 


40 


50 




- 


- 


18 




- 




25 


NC 




2N4856A 


N 


18 


0.25 


0.25 


10 


40 


50 








10 








25 


NC 


IMS 


2N4857 


N 


18 


0.25 


0.25 


6.0 


40 


20 


100 






18 








40 


NC 


2N4857A 


N 


18 


0.25 


0.25 


6.0 


40 


20 


100 






10 








40 


NC 




2N4858 


N 


18 


0.25 


0.25 


4.0 


40 


8.0 


80 






18 








60 


NC 


O 
X 


2N4858A 


N 


18 


0.25 


0.25 


4.0 


40 


8.0 


80 






10 








60 


NC 


m 


2N4859 


N 


18 


0.25 


0.25 


10 


30 


50 








18 








25 


NC 


Crt 


2N4859A 


N 


18 


0.25 


0.25 


10 


30 


50 








10 








25 


NC 


a» 


2N4860 


N 


18 


0.25 


0.25 


6.0 


30 


20 


100 






18 








40 


NC 


o 


2N4860A 


N 


18 


0.25 


0.25 


6.0 


30 


20 


100 






10 








40 


NC 


X 

o 


2N4861 


N 


18 


0.25 


0.25 


4.0 


30 


8.0 


80 






18 








60 


NC 


TJ 


2N4861A 


N 


18 


0.25 


0.25 


4.0 


30 


8.0 


80 






10 








60 


NC 


TJ 

m 


2N5018 


P 


18 


2.0 


10.0 


10 


30 


10 








45 








75 


PS 


3J 


2N5019 
2N5114 


P 


CO CO 


2.0 
0.5 


10.0 
0.5 


5.0 
10 


30 
30 


5.0 
30 








45 
25 








150 


PS 
PS 


v> 


P 


90 












75 




2N5115 


P 


18 


0.5 


0.5 


6.0 


30 


15 


60 






25 








100 


PS 




2N5116 


P 


18 


0.5 


0.5 


4.0 


30 


5.0 


25 






25 








150 


PS 




2N5432 


N 


52 


0.2 


0.2 


10 


25 


150 








30 








5.0 


NIP 




2N5433 


N 


52 


0.2 


0.2 


9.0 


25 


100 








30 








7.0 


NIP 




2N5434 


N 


52 


0.2 


0.2 


4.0 


25 


30 








30 








10 


NIP 




2NB638 


N 


92 


1.0 


1.0 


12 


30 


50 








10 








30 


NC 




2N5639 


N 


92 


1.0 


1.0 


8.0 


30 


25 








10 








60 


NC 




"FN4392an 


i FN4: 


93 availab 


le 
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N&P-Channel Single JFETs 
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s 
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Chnl 





1 

c 
2 


Hn. 


Mu. 


Mm. 


Mu. 


■ 


l" 


Gilt 

17 


Chnl 


< 


n 
■ 


:■.;>: 


II 


92 


1.0 




51 


30 


50 


- 


- 


- 


10 




- 


IX 


NC 




2N5653 


II 


92 


It 


1.0 


12 


30 


40 


- 


- 


- 


to 




- 


X 


NC 




2N5654 


N 


92 


1.0 


1.0 


(D 


30 


15 


- 


- 


- 


10 




- 


IX 


NC 




JI05 


1 


92 


u 


31 


101 


25 


500 


- 


- 


- 


- 




- 


3.0 


NVA 




JIOS-18 


II 


92 


3D 


31 


10 


25 


500 


- 


- 


- 


- 


- 


- 


31 


NVA 




JI06 


N 


92 


31 


31 


U 


25 


200 


- 


- 


- 


- 




- 


61 


NVA 




JIOS-18 


N 


92 


U 


3.0 


6.0 


25 


200 




- 


- 


- 


- 


- 


6.0 


NVA 




m 




92 


u 


3.0 


« 


25 


IX 


- 


- 


- 








80 


NVA 




J107-18 




92 


u 


3.0 


U 


25 


IX 


- 


- 


- 






- 


8.0 
8.0 


NVA 




J108 


* 


92 


3.0 


31 


10 


25 


X 


- 


- 








- 


NIP 




JIOB-18 


N 


92 


u 


31 


10 


25 


X 


- 


- 










8.0 
12 


NIP 




J109 


II 


92 


3J) 


31 


6.0 


25 


i 


- 


- 


- 








NIP 




JI09-1! 


N 


92 


3JI 


31 


61 


25 


40 
















NIP 




Jl 10 


N 


92 


31 


31 


41 


25 


10 


- 


- 


- 








18 


NIP 




J1111B 


N 


92 


3J) 


31 






10 














18 


NIP 


| 


J111 


N 


92 


n 


11 


10 




20 














X 


NC 




J1IM8 




92 


10 


11 


10 


35 


20 














X 


NC 


o 


J112 




92 


ID 


11 


50 


35 


5.0 














X 


NC 


I 

in 

CI 


J112-18 




92 


11 


11 


SI 


35 


51 














X 


NC 


J 1 13 




92 


11 


11 


31 


35 


2.0 












- 


IX 


NC 


OB 

p 


turn 


II 


92 


11 


11 


31 


35 


2.0 














IX 


NC 





ji« 


r 


92 


ID 


11 


10 


30 


20 


IX 






- 


- 




85 


n 


I 


JI74-18 


r 


92 


1.0 


ID 


10 


30 


20 


IX 












85 


PS 





JI75 


r 


92 


1.0 


ID 


6.0 


30 


71 


X 












125 


PS 


t 


J175-18 


t 


92 


11 


ID 


61 


30 


7,0 


X 












125 


PS 


m 

3 

I 


JITS 


t 


92 


1.0 


ID 


41 


30 


2.0 


25 












250 


PS 


J176-I8 


t 


92 


11 


ID 


4.0 


30 


21 


25 












2» 


PS 




J177 


p 


92 


11 


11 


22 


30 


15 


20 












300 


PS 




JI77IS 


p 


92 


11 


11 


125 


X 


15 


20 












3X 


PS 




PN439I 


N 


92 


11 


ID 


10 




50 


IX 






14 






X 


NC 




PN439U8 


N 


92 


11 


ID 


10 


40 


50 


IX 






14 






X 


& 




PN4392 


N 


92 


11 


ID 


SI 


40 


25 


i00 






14 






X 


NC 




FW392-IS 


N 


92 


11 


ID 


SI 


40 


25 


IX 






14 






X 


NC 




mm 


■ 


92 


11 


ID 


31 


40 


51 


X 






14 






IX 


NC 




PN43S3-I8 


N 


92 


11 


ID 


3D 


40 


51 


X 






14 






IX 


NC 




PI086 


P 


92 


21 


101 


10 


X 


10 








45 






75 


PS 




P10SS-18 


P 


92 


21 


10D 


10 


X 


10 








45 






75 


PS 
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s?gnalFET Product Specifications 



N & P-Channel Single JFETs 
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Min. 
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5- Z > 
q Q Z 



S<2 

x > H 



> 
z 

o 



Gate 

n 



Chnl 
a. Max. 



2 O 
S 2 
□ m 

< 



P1087 

P1087 18 

SD210 

SD211 

SD212 

SD213 

SD214 

SD215 

U200 

U201 

U202 

U290 

U291 

U304 

U305 

U306 

U1897 

U1897-18 

U1898 

U1898 18 

U1899 

U1899-18 



P 
P 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
P 
P 
P 
N 
N 
N 
N 
N 
N 



92 
92 
72 
72 
72 
72 
72 
72 
18 
18 
18 
52 
52 
18 
18 
18 
92 
92 
92 
92 
92 
92 



2.0 
2.0 
100 
1O0 
100 
100 
100 
100 
1.0 
1.0 
1.0 
1.0 
1.0 
0.5 
0.5 
0.5 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 



10.0 
10.0 
100 
100 
100 
100 
100 
100 
10 
1.0 
1.0 
1.0 
1.0 
0.5 
0.5 
0.5 
2 
0.2 
0.2 
0.2 
0.2 
0.2 



5.0 
5.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
3.0 
5.0 

10 

10 
4.5 

10 
6.0 
4.0 

10 

10 
7.0 
7.0 
5.0 
5.0 



30 
30 
30 
30 
10 
10 
20 
20 
30 
30 
30 
30 
30 
30 
30 
30 
40 
40 
40 
40 
40 
40 



5.0 
5.0 
10 
10 
10 
10 
10 
10 
3.0 
15 
30 
500 
200 
30 
15 

5.0 
30 
30 
15 
15 
8.0 
8.0 



25 
75 
150 



90 
60 
25 



45 
45 
3.5 
3.5 
3.5 
3.5 
3.5 
3.5 
30 
30 
30 
60 
60 
27 
27 
27 
16 
16 
16 
16 
16 
16 



150 
150 

70 

70 

70 

70 

70 

70 
150 

75 

50 
2.5 
7.0 

85 
110 
175 

30 

30 

50 

50 

80 

80 



PS 
PS 

DMCB-B 
DMCB-A 
DMCB-B 
DMCB-A 
DMCB-B 
DMCB-A 

NC 

NC 

NC 

NVA 

NVA 

PS 

PS 

PS 

NC 

NC 

NC 

NC 

NC 

NC 



o w 

m I 
33 m 
in« 



2N2608 
2N2609 
2N2843 
2N2844 
2N3329 
2N3330 
2N3331 
2N3332 
2N3368 
2N3369 
2N3370 
2N3382 
2N3384 
2N3386 



18 
18 
18 
18 

72 
72 
72 
72 
18 
18 
18 
72 
72 
72 



10 

30 

10 

30 

10 

10 

10 

10 
5.0 
5.0 
5.0 

15 

15 

15 



4.0 
4.0 
1.7 
1.7 
5.0 
6.0 
8.0 
6.0 
11.5 
6.5 
3.2 
5.0 
5.0 
9.5 



30 
30 
30 
30 
20 
20 
20 
20 
40 
40 
40 
30 
30 
30 



0.9 
2.0 
0.2 
0.44 
1.0 
2 
5.0 
1.0 
2 
0.5 
0.1 
3.0 
15.0 
15.0 



4.5 

10.0 
1.0 
2.2 
3.0 
60 

15 
6.0 

12 
2.5 
0.6 

30 

30 

50 



1000 
2500 
540 
1400 
1000 
1500 
2000 
1000 
1000 
600 
300 
4500 
7500 
7500 



2000 
3000 
4000 
2200 
4000 
2500 
2500 
12500 
12500 
15000 



17 
30 
17 
30 
20 
20 
20 
20 
20 
20 
20 



1M 
1M 
1M 
1M 
1M 
1M 
1M 
1M 



PC 
PD 
PC 
PD 
PC 
PC 
PC 
PC 
NP 
NP 
NP 
PE 
PE 
PE 



o 

m 
Z 
m 

3D 
> 

TJ 

c 

3D 
U 

O 

V) 

m 



N & P-Channel Single JFETs 
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7 < H 
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> O 3> 
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s 
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"I 
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Max. 



■& o -t 

~ O 33 
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Min. 



Max. 



^5 



« 7~ w 

is? 

V > H 
o m 



Gate 



Chnl 
il. Max. 



o S 
3 m 

■< 



2N3821 
2N3822 
2N4220 
2N4221 
2N4222 
2N54S7 
2N5458 
2 N 5459 
J201 
J201-18 
J202 
J202-18 
J203 
J203-18 
J204 
J204-18 
J270 
J271-18 
PN4302 
PN4302-18 
PN4303 
PN4303-18 
PN4304 
PN4304-18 
PN5163 
MPF109 
MPF111 



72 
72 
72 
72 
72 
92 
92 
92 
92 
92 
92 
92 
92 
92 
92 
92 
92 
92 
92 
92 
92 
92 
92 
92 
92 
92 
92 



0.1 
0.1 
0.1 
0.1 
0.1 
1.0 
1.0 
1.0 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.2 
0.2 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
10 
1.0 
100 



4.0 


50 


6.0 


50 


4.0 


30 


6.0 


30 


8.0 


30 


6.0 


25 


7.0 


25 


8.0 


25 


1.5 


40 


1.5 


40 


4.0 


40 


4.0 


40 


10 


40 


10 


40 


2.0 


25 


2.0 


25 


4.5 


30 


4.5 


30 


4.0 


30 


4.0 


30 


6.0 


30 


6.0 


30 


10.0 


30 


10 


30 


8.0 


25 


8.0 


25 


10 


20 



0.5 
2.0 
0.5 
2.0 
5.0 
1.0 
2.0 
4.0 
0.2 
0.2 
0.9 
0.9 
4.0 
4.0 
1.2 
1.2 
6.0 
6.0 
0.5 
0.5 
4.0 
4.0 
0.5 
0.5 
1.0 
0.5 
0.5 



2.5 

10 
3.0 
6.0 

15 
5.0 
9.0 

16 
1.0 
1.00 
4.5 
4.5 

20 

20 
3.0 
3.0 

50 

50 
5.0 
5.0 

10 

10 

15 

15 

40.0 

24 

20 



1500 
3000 
1000 
2000 
2500 
1000 
1500 
2000 
500 
500 
1000 
1000 
1500 
1500 



8000 
8000 
1000 
1000 
2000 
2000 
1000 
1000 
2000 
800 
500 



4500 
6500 
4000 
5000 
6000 
5000 
5500 
6000 



18000 
18000 



9000 
6000 



6 
6 
6 
6 
6 
7 
7 
7 

5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 



6 

6.0 
6 

6.0 
6 

6.0 
20 
7.0 



200 
200 



3.0 
3.0 
3.0 



2.0 
2.0 
2.0 
2.0 
3.0 
2.0 
50.0 
2.5 



1M 
1M 
100M 



1M 
1M 
1M 
1M 
1M 
1M 



NRL 

NRL 

NRL 

NRL 

NRL 

NRL 

NRL 

NRL 

NP 

NP 

NP 

NP 

NP 

NP 

NP 

NP 

PS 

PS 

NP 

NP 

NP 

NP 

NP 

NP 

NRL 
NRL 
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N-Channel Dual JFETs 
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(mV, Max. I 


jjV/ C 








2N5196 


N 


71 


025 


4.0 


50 


7 


7 


1000 






6.0 


20 


5.0 


5.0 


50 


NP-D 




2N5197 


N 


71 


0.025 


4 


50 


0.7 


7.0 


1000 




6.0 


20 


5.0 


10 


50 


NP-D 




2N5198 


N 


71 


025 


4.0 


50 


7 


7 


1000 




6.0 


20 


10 


20 


50 


NP-D 




2N5199 


N 


71 


0.025 


4.0 


50 


0.7 


7 


1000 




6.0 


20 


15 


40 


50 


NP-D 




2N5545 


N 


71 


0.1 


4.5 


50 


5 


8 


1500 




6.0 


200 


5.0 


10 


25 


NP-D 




2N5546 


N 


71 


0.1 


4.5 


50 


0.5 


8 


1500 




6.0 


200 


10 


20 


25 


NP-D 




2N5547 


N 


71 


0.1 


4.5 


50 


5 


8.0 


1500 




6 


200 


1 5 


40 


25 


NP-D 




2N5902 


N 


78 


0.005 


4.5 


40 


0'03 


5 


70 




3.0 


2 


5.0 


5.0 


10 


NT 




2N5903 


N 


78 


0.005 


4.5 


40 


03 


0.5 


70 




3.0 


0.2 


5.0 


10 


1.0 


NT 




2N5904 


N 


78 


0.005 


4.5 


40 


03 


5 


70 






2 


1 


20 


1.0 


NT 
NT 




2N5905 


N 


78 


0.005 


4 5 


40 


0.03 


0.5 


70 




3 


0.2 


1 5 


40 


1.0 




2N5906 


N 


78 


0.002 


4.5 


40 


0.03 


0.5 


70 




3.0 


0.1 


5.0 


5 


1.0 


NT 


r" 
O 

s 


2N5907 


N 


78 


0.002 


4.5 


40 


0.03 


5 


70 




3 


1 


5.0 


10 


1.0 


NT 


2N5908 


N 


78 


0.002 


4.5 


40 


03 


0.5 


70 




3.0 


1 




20 


10 


NT 


1- 


2N5909 


N 


78 


0.002 


4 5 


40 


0.03 


5 


70 




3 


1 


15 


20 


1.0 


NT 


m 


U401 


N 


71 


0.025 


2.5 


50 


0.5 


10 


2000 






20 




10 


2.0 


NNR 


> 


U402 


N 


71 


0.025 


2.5 


50 


0.5 


10 


2000 




8 


20 


in 


1 


2.0 


NNR 


(AG 


U403 


[SI 


71 


0.025 


2.5 


50 


0.5 


10 


2000 






20 


1 


25 


2 


NNR 


U404 


N 


71 


0025 


2.5 


50 


5 


10 


2000 


— 


8 


20 


15 


25 


2 


NNR 


m 


U405 


N 


71 


0.025 


2.5 


50 


0.5 


10 


2000 




8.0 


20 


20 


40 


2 


NNR 




U406 


N 


71 


0.025 


2.5 


50 


0.5 


10 


2000 




8.0 


20 


40 


80 


2.0 


NNR 




U421 


N 


78 


0.001 


2.0 


40 


0.06 


10 


300 


1500 


3 


10 


10 


10 


0.5 


NNT 




U422 


N 


78 


0.001 


2.0 


40 


06 


1 


300 


1500 


3 


10 


15 


25 


0.5 


NNT 




U423 


N 


78 


001 


2 


40 


06 


10 


300 


1500 


3 


10 


25 


40 


0.5 


NNT 




U424 


N 


78 


003 


3.0 


40 


0.06 


1.8 


300 


1500 


3 


10 


10 


10 


1.0 


NNT 




U425 


N 


78 


003 


3.0 


40 


0.06 


1.8 


300 


1500 


3 


10 


15 


25 




NNT 




U426 


N 


78 


0.003 


3.0 


40 


06 


1 8 


300 


1500 


3 


10 


25 


40 


1.0 


NNT 




U427 


N 


78 


0.005 


2,0 


40 


0.06 


1.8 


250 




3.0 




25 


40 


3.0 


NNT 




U428 


N 


78 


0.005 


3.0 


40 


0.06 


1.8 


250 




3.0 




40 


80 


5.0 


NNT 




2N5515 


N 


71 


0.25 


4.0 


40 


0.5 


7.5 


1000 




25 


30 


50 


5 


1.0 


NS or NQP 




2N5516 


N 


71 


0.25 


4,0 


40 


0.5 


7.5 


1000 




25 


30 


5 


10 


1 


NS or NQP 




2N5517 


N 


71 


0.25 


4 


40 


0.5 


7.5 


1000 




25 


30 


10 


20 


1.0 


NS or NQP 




2N5518 


N 


71 


25 


4 


40 


5 


7.5 


1000 




25 


30 


15 


40 


1.0 


NS or NQP 




2N5519 


N 


71 


0,25 


4.0 


40 


0.5 


7.5 


1000 




25 


30 


15 


80 


10 


NS or NQP 


r- 

O 


2N5520 


N 


71 


25 


4.0 


40 


0.5 


7 5 


1000 




25 


15 


5.0 


5.0 


1.0 


NS or NQP 


§ 


2N5521 


N 


71 


0.25 


4.0 


40 


0.6 


7 5 


1000 




25 


15 


5.0 


10 


1.0 


NS or NQP 




2N5522 


N 


71 


0.25 


4 


40 


5 


7.5 


1000 






15 


10 


20 


1.0 


NS or NQP 


o 


2N5523 


N 


71 


0.25 


4.0 


40 


0.5 


7.5 


1000 




25 


15 


15 


40 


1.0 


NS or NQP 


V) 


2N5524 


N 


71 


0.25 


40 


40 


0.5 


7 5 


1000 




25 


15 


15 


80 


1.0 


NS or NQP 


m 


U401 


N 


71 


0.025 


2.5 


50 


0.5 


10 


2000 




8 


20 


5.0 


10 


2.0 


NNR 




U402 


N 


71 


0.025 


2.5 


50 


0.5 


10 


2000 




8.0 


20 


10 


10 


2.0 


NNR 





N-Channel Dual JFETs 



U404 
U405 
U406 



2N5564 

2N5565 

2N5566 

2N5911 

2N6912 

U257 

U430 

U431 

U440 

U441 

U443 

U444 



2M3921 

2N3922 

2N3954 

2N3954A 

2N3955 

2N3955A 

2N3956 

2N3957 

2N3958 

2N4084 

2N4085 

2N5045 

2N5046 

2N5047 

2N6452 

2N5453 

2N5454 

DN5564 

DN5565 

DN5566 

U231 

U232 

U233 

U234 

U235 

U410 

U411 

U412 



DN5567 



s 5 



Gate 



? < H 
;rl 

* o 5 

- m O 



71 
71 
71 



0.025 
0.025 
0.025 



71 
71 
71 
78 
78 
78 
99 
99 
71 
71 
78 
78 



0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.15 

0.15 

0.50 

0.50 

.5 

.5 



71 
71 
71 
71 
71 
71 
71 
71 
71 
71 
71 
71 
71 
71 
71 
71 
71 
71 
71 
71 
71 
71 
71 
71 
71 
71 
71 
71 



1.0 

1.0 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

1.0 

1.0 

0.25 

0.25 

0.25 

0.1 

0.1 

1 

.1 

.1 

.1 

0.1 
0.1 
0.1 
0.1 
0.1 
0.2 
0.2 
0.2 



2.5 
2.5 
2.5 



3.0 
3.0 
3.0 
5.0 
5.0 
5.0 
4.0 
6.0 
6.0 
6.0 
6 



3.0 
3.0 
4.5 
4.5 
4.5 
4.5 
4.5 
4.5 
4.5 
3.0 
3.0 
4.5 
4.5 
4.5 
4.5 
4.5 
4.5 
3.0 
3.0 
3.0 
4.5 
4.5 
4.5 
4.5 
4.5 
3.5 
3.5 
3.5 



3.0 



? < <° 
* O = 

- H > 



- m o 
S 
z 



40 
40 
40 
25 
25 
25 
25 
25 
25 
25 
25 
25 



50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
40 
40 
40 
50 
50 
50 
50 
50 
40 
40 
40 



g- n co 
I C > 

m 3) 
z > 

H H 

O 



0.5 
0.5 
0.5 



5.0 
5 
5.0 
7 
7.0 
5.0 

12 

24 
6.0 
6.0 
6.0 
6.0 



1.0 

1.0 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

1.0 

1.0 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

5 

5 

5 

0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 



10 
10 
10 



30 
30 
30 
40 
40 
40 
30 
60 
30 
30 
30 
30 



10 
10 

5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 

10 

10 
8.0 
8.0 
8.0 
5.0 
5.0 
5.0 

50 

50 

50 
5.0 
5.0 
5.0 
5.0 
5.0 
6.0 
6.0 
6.0 



60 



* 5 ^ 

«" O 3) 
1 OZ 



Min. 



2000 
2000 
2000 



7500 
7500 
7500 
5000 
5000 
5000 
10000 
10000 
4500 
4500 
4500 
4500 



1500 
1500 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1500 
1500 
1500 
1500 
1500 
1000 
1000 
1000 
7500 
7500 
7500 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 



9000 
9000 



12500 
12500 
1250O 



X H 
— > 
Z 

o 



8.0 

8.0 
8.0 



12 

12 

12 
3.0 
3.0 
5.0 
7.5 
7.5 
3.5 
3.5 
3.5 
3.5 



18 
18 

4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 

18 

18 
8.0 
8.0 
8.0 
4.0 
4.0 
4.0 

12 

12 

12 
6.0 
6.0 
6.0 
6.0 
6.0 



7.0 



T1 _ 

- D 5l< 

3' O 
> 2 r 
X > -l 
* X > 



20 
20 
20 



50 
50 
50 
20 
20 
30 
12 
10 



2.0 

2.0 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

2 

2 

200 
200 
200 

20 

20 

20 

50 

50 

50 

80 

80 

80 

80 

80 

13 

13 

13 



1 

o 
r 
o 



Static Match 
(mV, Max.) 



15 
20 
40 



5.0 
10 
20 
10 
15 
100 



10 
20 
10 
20 



5.0 
5 
5.0 
5.0 

10 

10 

15 

20 

25 

15 

15 
5.0 

10 

15 
5.0 

10 

15 
5 

10 

20 
5.0 

10 

15 

20 

25 

10 

20 

40 



20 



Temp Tracking 

yV/"C 



25 
40 



10 
25 
50 
20 
40 



10 

25 

10 
5.0 

25 

15 

50 

75 
100 

10 

25 

67 
133 
200 
5.0 

10 

25 

10 

25 

50 

10 

25 

50 

75 
100 

10 

25 

80 



<g o o 
!oc 

- Z H 
3 gS 

si 

X rn 



2.0 
2.0 
2.0 



45 
45 
45 
100 
100 
150 
150 
150 
200 
200 
200 
200 



35 

35 

35 

35 

35 

35 

35 

35 

35 

35 

35 

25 

25 

25 
1.0 
1.0 
1.0 

65 

65 

65 

35 

35 

35 

35 

35 

20 

20 

20 



NNR 
NNR 
NNR 



NC 

NC 

NC 

NZF 

NZF 

NZF 

NZA 

NZA 

NZF 

NZF 

NZF 

NZF 



NNR or 

NNR or 

NQP 

NQP 

NQP 

NQP 

NQP 

NQP 

NQP 

NNR or 

NNR or 

NNR or 

NNR or 

NNR or 

NQP 

NQP 

NQP 

NC 

NC 

NC 

NP-D 

NP-D 

NP-D 

NP-D 

NP-D 

NQP 

NQP 

NQP 

NC 



NRL-D 
NRL-D 



NRL-D 
NRL-D 
NRL-D 
NRL-D 
NRL-D 



LOW 
NOISE 
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Product Specifications (Cont'd) 



Low Leakage Diodes 



Part 
Number 


Package 
(TO- 1 


Diode 


Reverse 
Current 
(pA. Max.) 


Breakdown 
Voltage 
(Volts) 


Forward 
Voltage Drop 
Volts (Max.| 


Capacitance 
(pF. Max.) 






DPAD1 


78 


Dual 


1 


45 


120 


1 .5 


0.8 


DPAD2 


72 


Dual 


2 


45 


120 


1.5 


0.8 


DPAD5 


72 


Dual 


5 


45 


120 


1.5 


0.8 


DPAD10 


72 


Dual 


10 


35 




1 .5 


2.0 


DPAD20 


72 


Dual 


20 


35 


- 


1 .5 


2.0 


DPAD50 


72 


Dual 


50 


35 




1 .5 


2.0 


DPAD100 


72 


Dual 


100 


35 




1.5 


2.0 


JPAD2 


92 


Single 


2 


35 




1 .5 


2.0 


JPAD5 


92 


Single 


5 


35 




1.5 


2.0 


JPAD10 


92 


Singlel 


10 


35 




1.5 


2.0 


JPAD20 


92 


Single 


20 


35 


- 


1.5 


2.0 


JPAD50 


TO-92 


Single 


20 


35 




1.5 


2.0 


JPAD100 


TO-92 


Single 


50 


35 




1.5 


2.0 


id a mnn 


TO-92 


Single 


1 00 


35 




1 .5 


2.0 


JPAD500 


TO-92 


Single 


500 


35 




1.5 


2.0 


PAD1 


18 


Single 


1 


45 


120 


1.5 


0.8 


PAD2 


18 


Single 


2 


45 


120 


1.5 


0.8 


PAD5 


18 


Single 


5 


45 


120 


1.5 


0.8 


PAD10 


18 


Single 


10 


35 




1.5 


2.0 


PAD20 


18 


Single 


20 


35 




1.5 


2.0 


PAD50 


18 


Single 


50 


35 




1.5 


2.0 


PAD100 


18 


Single 


100 


35 




1.5 


2.0 



Voltage Controlled Resistors 



Part 


N or P 


Package 


Breakdown 

Voltage 
(Volts, Min.) 


Threshold Voltage 
(Volts) 


Resistance 
(Channel n) 


Geometry 


Number 


(TO- ) 


Min. 


Max. 


Min. 


Max. 




VCR2N 


N 


18 


15 


5.5 


7.0 


20 


60 


IMC 


VCR3P 
VCR4N 


P 


72 
18 


15 


3.5 


7.0 


70 


200 


PE 


N 


15 


3.5 


7.0 


200 


600 


NP 


VCR5P 


P 


72 


15 


3.5 


7.0 


300 


900 


PC 


VCR7N 


N 


72 


15 


2.5 


5.0 


4000 


8000 


NT 


VCR 1 1 N 


N 


71 


30 


8.0 


12.0 


100 


200 


NS 



P-Channel MOSFETs 



Part 
Number 


Package 
(TO- ) 


Operating 
Mode 


Threshold 
Voltage 
(Volts, Max.) 


Resistance 
Channel 
(S2, Max.) 


Leakage 
Channel On 
(mAI 


Leakage 
Channel Off 
InA, Max.) 


Breakdown 

Voltage 
(Volts. Max.) 


Input 


Reverse 


Geometry 


Capacitance 
(pF. Max.) 


Capacitance 
IpF, Max.) 


Min. 


Max. 


3N163 


72 


ENH 


5.0 


250 


5.0 


30 




40 


2.5 


0.7 


MRA 


3N164 


72 


ENH 


5.0 


300 


3.0 


30 




30 


2.5 


0.7 


MRA 


MFE823 


18 


ENH 


6.0 




3.0 




20 


25 


6.0 


1.5 


MRA 
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Product Specifications (Cont'd) 



Current Regulator Diodes 



Part 
Number 


Package 
(TO- ) 


Forward 


Forward 
Current 
Tolerance 

fx) 


Limiting 


Peak Operating 


Dynamic 


Forward 




Current 


Voltage 


Voltage 


Impedance 


Capacitance 


Geometry 


Ml 


(Volts. Max.) 


(Volts. Max.) 


(Mi:, Max.) 


(pF. typl 






1 8 


tTtt 


10 


1 00 


1 00 


13 




N KL 


CR024 


1 8 


0.24 


1 


1 .00 


1 00 


1 




NKL 


CR027 


1 8 


0.27 


1 


1 .00 


1 00 


9 




NKL 


CR030 


1 8 


0.30 


10 


1 .00 


1 00 


~™ 




KL 


CR033 


18 


0.33 


1 


1 .00 


1 00 


6.6 




NKL 


CR039 


18 


0.39 


10 


1 .05 


100 


4.1 




NKL 


CR043 


18 


0.43 


1 


1 .05 


100 


3.3 




NKL 


CR047 


18 


0.47 


10 


1.10 


100 


2.7 




NKL 


CR056 


18 


0.56 


1 


1 .20 


100 


1 .9 




NKL 


CR062 


18 


0.62 


1 


1 .30 


100 


1 .55 




NKL 


CR068 


18 


0.68 


1 


1.15 


100 


1 .35 




N KM 


CR075 


18 


0.75 


10 


1 .20 


100 


1.15 




N KM 


CR082 


18 


0.82 


10 


1.25 


100 


1 .00 




N KM 


CR091 


18 


0.91 


10 


1 .29 


100 


0.88 




NKM 


CR100 


18 


1.00 


10 


1.35 


100 


0.80 


— 


NKM 


CR110 


18 


1.10 


10 


1.40 


100 


0.70 


— 


NKM 


CR120 


18 


1 20 


10 


1.45 


m 


0.64 


— 


NKM 


CR130 


18 


1.30 


10 


1.50 


100 


0.58 


- 


NKM 


CR140 


18 


1 .40 


10 


1 .55 


100 


0.54 




NKM 


CR150 


18 


1 .50 


10 


1 .60 


100 


0.51 


- 


NKM 


CR160 


18 


1 .60 


10 


1.65 


100 


0.475 


— 


NKO 


CR180 


18 


1 .80 


10 


1 .75 


100 


0.42 


— 


NKO 


CR200 


18 


2.00 


10 


1 .85 


100 


0.395 




NKO 


CR220 


18 


2.20 


10 


1 95 


100 


0.37 


— 


NKO 


CR240 


18 


2.40 


10 


2.00 


100 


0.345 


— 


NKO 


CR2"70 


18 


2.70 


10 


2.15 


100 


0.32 


— 


NKO 


CR300 


18 


3.00 


10 


2.25 


100 


0.30 




NKO 


CR330 


18 


3 30 


10 


2.35 


100 


0.28 


- 


NKO 


CR360 


18 


3 60 


10 


2 50 


100 


0.265 


- 


NKO 


CR390 


18 


3.90 


10 


2 60 


100 


0.255 


- 


NKO 


CR430 


18 


4.30 


10 


2 75 


100 


0.245 


_ 


NKO 


CR470 


18 


4.70 


10 


2.90 


100 


0.235 




NKO 


CRR0240 


18 


.24 


25 


1.0 


100 


.9 


_ 


NKL 


CRR0360 


18 


.36 


25 


1.05 


100 


4.1 


_ 


NKL 


CRR0560 


18 


.56 


25 


1.30 


100 


1.15 


- 


NKL 


CRR0800 


18 


.80 


25 


1.35 


100 


0.8 


- 


NKL 


CRR1250 


18 


1.95 


25 


1.60 


100 


.54 


- 


NKM 


CRR1950 


18 


1.95 


25 


1.95 


100 


.37 


— 


NKM 


CRR2900 


18 


2.90 


25 


2.35 


100 


.28 




NKO 




18 


4.30 


25 


3 .00 


1 00 


0.5 




NKO 


J500 


92 


0.24 


20 


1 .20 


50 


5.0 


2 


NCL 


J501 


92 


0.33 


20 


1 .30 


50 


3.0 


2 


NCL 


J502 


92 


0.43 


20 


1 .50 


50 


2.0 


2 


NCL 


J503 


92 


0.56 


20 


1 .70 


50 


1 .4 


2 


NCL 


J504 


92 


0.75 


20 


1 .90 


50 


1.0 


2 


NCL 


J505 


92 


1 .00 


20 


2.10 


50 


0.6 


2 


NCL 


J506 


92 


1 .40 


20 


2.50 


50 


0.4 


2 


NCL 


J507 


92 


1 .80 


20 


2.80 


50 


0.25 


2 


NCL 


J508 


92 


2.40 


20 


3.10 


50 


0.25 


2 


NCL 


J509 


92 


3.00 


20 


3.50 


50 


0.20 


2 


NCL 


J510 


92 


3.60 


20 


3.90 


50 


0.20 


2 


NCL 


J51 1 


92 


4.70 


20 


4.20 


50 


0.15 


2 


NCL 


J552 


92 


0.05 


50 


1 .5 


50 


2.0 


2 


NKL 


J553 


92 


(.18 ■ 0.75) 


- 


.75 


50 


10 


- 


NCL 


JS54 


92 


(06 -1.6) 


— 


.75 


50 


1.0 


- 


NCL 


J555 


92 


(1.4 -2.6) 




.75 


50 


.88 


- 


NCL 


J556 


92 


(2.4 - 3.8) 




.75 


50 


Q 




NCL 


J557 


92 


(3.6 -5.3) 




1 .5 


50 


.48 




NCL 


J9100 


92 


0.05 


50 


1.5 


50 


2.0 


2 


NCL 


JR135V 


92 


0.200 




0.9 


13S 


2.0 




VRMA 


JR170V 


92 


0.200 




0.9 


170 


2.0 




VRMA 


JR200V 


92 


0.200 




0.9 


200 


2.0 




VRMA 


JR220V 


92 


0.200 




0.9 


220 


2.0 




VRMA 


JR240V 


92 


0.200 




0.9 


240 


2.0 




VRMA 



Siliconix 



CECC 50 000 

CECC 50 000 is a European system of continuous product assessment intended to produce electronic components of 
assessed quality to specifications and procedures which conform to internationally recognized standards. Components 
produced under the system are accepted by all participating countries without further testing being necessary. 

At this time, member countries of the CECC are Belgium, Denmark, Germany, France, Ireland, Italy, the Netherlands, 
Norway, Sweden, Switzerland and the United Kingdom. 

Under this assessment scheme, devices are manufactured on an approved line to nationally approved specifications 
written in accordance with CECC rules. The manufacturer must comply with defined standards relating to organization, 
facilities and quality control procedures. 

Specific device types are individually qualified against a fixed detail specification which has been approved by the British 
Standards Institute acting as the national supervising agency on behalf of CECC. 

The CECC 50 000 scheme is administered in the UK by the BSI, and UK generated specifications are prefixed with the 
letters BS. 

A number of popular standard device types are now qualified and the following detail specifications are available: 



Type Number BS Specification 



2N3970/1/2 


BS 


CECC 


50012-001 


2N4091/2/3 


BS 


CECC 


50012-002 


2N4391/2/3 


BS 


CECC 


50012-004 


2N4856/7/8 


BS 


CECC 


50012-005 


2N4859/60/61 


BS 


CECC 


50012-005 


2N4856A/7A/8A 


BS 


CECC 


50012-006 


2N4859A/60A/61A 


BS 


CECC 


50012-006 


2N3821/2 


BS 


CECC 


50012-007 


2N3824 


BS 


CECC 


50012-008 


2N4220/1/2 


BS 


CECC 


50012-009 


2N4220/1A/2A 


BS 


CECC 


50012-009 



Each of the approved types is now available with additional screening options, including high temperature reverse bias 
burn-in, of either 48, 72 or 168 hours duration. Screening details are appended to the detail specification and conform to 
appendix VI of the European Standard CECC 50 0000 ISSUE 3. 

Product is released with a BS CECC certificate of conformity and will have been submitted to: 

1. Group A sample inspection (lot by lot) 

quality assessment tests, assuring product conforms to electrical specification. 

2. Group B sample inspection (lot by lot) 

reliability tests, including package related tests and 168 hours electrical endurance, to identify potential early 
failures. 

3. Group C sample inspection (periodic— 3 monthly) 

long term reliability tests including 1000 hours of high temperature storage and electrical endurance. 

Data from the inspection tests is available to the customer in the form of CTRs (certified test records). 

Manufacturing of BS CECC product is carried out at the Siliconix UK facility located in Morriston, Swansea SA6 6NE, 
South Wales 




In addition to BS CECC approved product, the Siliconix UK facility can provide internationally recognized high-reliability 
screening options on standard products. These include MM-750B and custom screening options. 



JAN, JANTX or JANTXV processing for certain JEDEC-registered FETs can also be supplied. 
For additional information, enquiries may be directed to the nearest field sales office. 
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Siliconix 



signalFET Process Option Flow 



The Small Signal FET Process Option Flow Chart shows the standard screening options 
provided by Siliconix for Integrated Circuits 



Column 2: Equivalent to MIL-STD-19500 JANTX flow. 

Column 2A: Equivalent to MIL-STD-19500 JANTX flow with the exception of Preseal Inspec- 
tion being a Siliconix internal specification versus MIL-STD-19500 M-2072 as in 
-2 flow. 

Column 3: All metal can product is processed to one -3 flow. 
Column 4: All plastic TO-92 product is processed to one -4 flow. 



Siliconix 



7-17 



signalFET Process Option Flow Chart 



(JANTXV Equiv) 



Preseal Inspection 
Method 2072 






Stabilization Bake 

Method 1031 

24 hour ® 200" C 






Temperature Cycle 
Method 1051, Condition C 
5 Cycles -65°C to + 200°C 
@ Temperature Extremes 






Constant Acceleration 

Method 2006 

Y1 Axis 30,000 G 






Fine Leak 

Method 1071, Condition H or G 
Maximum Leak Rate 






Gross Leak 
Method 1071, C 


mdftlon C 







Electrical Test 

100% to Static Parameters 

@ 25°C 



■2A 

(JANTX Equiv) 



Preseal Inspection 
Slliconix Visual 






Stabilization Bake 

Method 1031 

24 hour @ 200-0 






Temperature Cycle 
Method 1051, Condition C 
5 Cycles -65°C to + 200°C 
@ Temperature Extremes 






Constant Acceleration 

Method 2006 

Y1 Axis 30,000 G 






Fine Leak 

Method 1071, Condition H or G 
Maximum Leak Rate 






Gross Leak 

Method 1071, Condition C 







Electrical Test 

100% to Static Parameters 

@ 25°C 



(Hermetic Package) 



Preseal Inspection 
Sillconlx Visual 



Stabilization 
Method 1031 
24 hour @ 150-C 



E 



Temperature Cycle 
Method 1051, Condition C 
5 Cycles -65°C to +200-C 
@ Temperature Extremes 



Fine Leak 

Method 1071, Condition H or G 



Gross Leak 
^Method 1071, Condition C 



1 



Electrical Test 

100% to Static Parameters 

@ 25°C 



Preseal Inspectlo 
Slliconix Visual 



LTPD = 20 
1 



i 



Electrical Test 

100% to Static Parameters 

@ 25°C 



HTRB Burn-In 

Method 1039, Condition A 

168 hour @ 150»C 



HTRB Burn-In 

Method 1039, Condition A 

168 hour @ 150»C 



Electrical Test 

100% to Static Parameters 

@ 25°C 



Electrical Test 

100% to Static Parameters 

@ 25°C 



Quality Conformance 

25°C Static LTPD = 5 

-55°C Static LTPO = 5 

150-C Static LTPD = 5 

25°C 1 KHz Dynamic LTPD = 10 

External Visual LTPD = 5 



Quality 
25°C Static AOL .65% 
25°C 1 KHz Dynamic AOL 1.0% 
External Visual LTPD = 10 



Quality Conformance 

25°C Static AOL .65% 

25° C 1 KHz Dynamic AOL 1.0% 

External Visual LTPD = 10 



Quality Conf 




25»C Static 


MIL .65% 


External Vis 


lal LTPD = 10 



NOTES: 

Processing and test methods are MIL-STD-750 unless specified otherwise. 
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How to Use the 
sFgnalFET Cross Reference 



The following examples illustrate how the FET Cross Reference and Index should be used: 

Case (1) Recommended replacement offered by Siliconix is identical to Industry Part Number. 

Industry Part Number Type and Classification Recommended Replacement 

2N4391 N J FET 2N4391 

Case (2) Recommended replacement offered by Siliconix is not identical to Industry Part Number. 
Industry Part Number Type and Classification Recommended Replacement 

2N3457 N J FET 2N4338 

The recommended replacement may be exact, tighter or looser on electrical characteristics, and may 
be a different package or pin-out. Data sheets for both parts should, if possible, be reviewed for a com- 
plete comparison. Send for your new November, 1982 Small Signal FET Design Catalog. 

Type and classification abbreviations are described as follows: 



1! 

(D 

O 
(D 



BF (J FET Plastic) 

CR (Current Limited) 

CRR (Current Limiter) 

D (Dual) 

DN (Dual N-Channel Metal Can) 
DPAD (Dual Pico Ampere Diode) 

FN (N-Channel Metal Can) 



ENH (Enhancement-Mode Normally-Off) 

JPAD (Plastic Pico Ampere Diode) 

JR (Plastic High Voltage Diode) 

N (N-Channel) 

P (P-Channel) 

PAD (Pico Ampere Diode) 

SD (N-Channel DMOS) 

MOSPOWER 
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Industry 
Part Number 


Type and 
Classification 


Recommended 
Replacement 


Data 
Sheet 
Page 


Geometry 
Page 


Industry 
Part Number 


Type and 
Classification 


Recommended 
Replacement 


Data 
Sheet 
Page 


Geometry 
Page 


1N5283 


CL N JFET 


CR022 






2N3071 


N JFET 


2N4338 






1N5284 


CL N JFET 


CR024 








M I PPT 
IN Jrt I 








1N5285 


CL N JFET 


CR027 






,dN3Uob 


M ICCT 
N Jrtl 








1N5286 


CL N JFET 


CR030 






^INMUob 


M IPPT 
V* Jrt 1 


2N4341 






1N5287 


CL N JFET 


CR033 








M ippT 
N Jrt i 


9M4141 






1N5288 


CL N JFET 


CR039 






2N3088 


N JFET 


2N4339 






1N5289 


CL N JFET 


CR043 






Tii onflQ A 


M IPPT 
N Jrt i 


9MATIQ 
^Ist JOS 






1N5290 


CL N JFET 


CR047 






OMOAOQ 

^Njutjy 


hi ippt 
n Jrtl 


9W4T1Q 






1N5291 


CL N JFET 


CR056 






OMOnQQ A 


N JFET 


tlVHOOiJ 






1N5292 


CL N JFET 


CR062 






OMOi -t 
cvii\ 1 J 


r Jrtl 








1N5293 


CL N JFET 


CR068 






2N3277 


P JFET 


2N2608 






1N5294 


CL N JFET 


CR075 






OMOO"70 


P JFET 


oMocnfl 






1N5295 


CL N JFET 


CR082 








D ICCT 

r Jrt 1 


OMO/oo 
£.vi JHoo 






1N5296 


CL N JFET 


CR091 






OPllOTXl 

2N332y 


P JFET 








1N5297 


CL N JFET 


CR100 






2N3330 


P JFET 








1N5298 


CL N JFET 


CR110 








P JFET 








1N5299 


CL N JFET 


CR120 






2N3332 


P JFET 








1N5300 


CL N JFET 


CR130 




CO 


2N3365 


H JFET 






CD 


1N5301 


CL N JFET 


CR140 




o 


2N33bb 


N JFET 


OKIA TIC 




O 


1N5302 


CL N JFET 


CR150 




00 


2N33o7 


N JFET 


£N4ooo 




« 
"co 










o 










O 


1N5303 


CL N JFET 


CR160 




c 


2N3368 


N JFET 


2N4341 




c 


1N5304 


CL N JFET 


CR180 






2N3369 


N JFET 


tN4 J4U 




CD 


1N5305 


CL N JFET 


CR200 




CO 

9 


2N3370 


N JFET 


imji ion 




» 
<D 


1N5306 


CL N JFET 


CR220 




O 


2N337b 


P JFET 






Q 


1N5307 


CL N JFET 


CR240 




1— 
Hi 


2N3378 


P JFET 






LU 


1N5308 


CL N JFET 


CR270 




U_ 
« 


2N3380 


P JFET 


2N3331 




Lb. 
« 


1N5309 


CL N JFET 


CR300 




C 


union 

2N3382 


P JFET 


OMIOQO 




C 


1N5310 


CL N JFET 


CR330 




CD 


2N3J84 


P JFET 


CNJJ04 




CD 


1N5311 


CL N JFET 


CR360 




CO 


2N338b 


P JFET 


1 M 11 C 




CO 
— 


1N5312 


CL N JFET 


CR390 




75 
E 


2N3436 


N JFET 


2N4341 




CO 

E 


1N5313 


CL N JFET 


CR430 




CO 


2N3437 


N JFET 


2N4341 




CO 


1 N 53 1 4 


CL N JFET 


CR470 




CM 


2N3438 


N JFET 


2N4341 




Si 


2N2386 


P JFET 


2N2608 




m 

T- 


2N3452 


N JFET 


2N4340 




T— 


2N2386A 


P JFET 


2N2609 




B 


2N3453 


N JFET 


IMA 11Q 




I 


2N2497 


P JFET 


2N3329 




.c 


2N3454 


N JFET 


OM .I TOO 




O 


2N2498 


P JFET 


2N3330 




o 


2N3455 


N JFET 


2N4340 




h 


2N2499 


P JFET 


2N3331 




Q3 
*S 


2N3456 


N JFET 


OaljtOOO 

£N433o 




0) 

"S 


2N2500 


P JFET 


2N3332 




DC 


2N3457 


N JFET 


ohm no 




DC 


2N260t 


P JFET 


2N2608 






2N3458 


N JFET 


Oil AVAI 

<;N4 J4 1 






2N2606JAN 


P JFET 


2N2608JAN 






2N3459 


N JFET 


Okl/I Oy| 1 

£N4J4 l 






2N2607 


P JFET 


2 N 2608 






2N3460 


N JFET 


2N4340 






2N2607JAN 


P JFET 


2N2608JAN 






2N3574 


P JFET 








2N2608 


P JFET 


2N2608 






2N3575 


P JFET 


on 

2N332y 






2N2608JAN 


P JFET 


2N2608JAN 






2N3578 


P JFET 


2N2bUo 






2N2609 


P JFET 


2N2609 






2N3608 


n iinn rMi 

P MOS ENH 


3N163 






2N2609JAN 


P JFET 


2N2609JAN 






2N3684 


N JFET 


2N4339 






2N2841 


P JFET 


2N3329 






2N3685 


N JFET 


Oil A ooo 






2N2842 


P JFET 


2N3329 






2N3686 


N JFET 


om ji Ovtn 






2N2843 


P JFET 


2N3329 






2N3687 


N JFET 


2N4341 






2N2844 


P JFET 


2N2608 






2N3819 


N JFET 


omooi n 






2N3066 


N JFET 


2N4340 






2N3820 


P JFET 


J270 






2N3067 


N JFET 


2N4338 






2N3821 


N JFET 


2N3821 






2N3068 


N JFET 


2N4338 






2N3822 


N JFET 


2N3822 






2N3069 


N JFET 


2N4341 






2N3823 


N JFET 


2N3823 






2N3070 


N JFET 


2N4339 






2N3824 


N JFET 


2N3824 
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(Cont'd) 
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rage 



o 



73 

(D 



<D 
D 

8 



Part Number 



Type and Recommended J_ al *. Geometry 
Classification Replacement p Page 



Industry 
Part Number 



2N3909 


P JFET 


2N2608 




2N4340 


N JFET 


2N4340 


2N3909A 


P JFET 


2N3909 




2N4341 


N JFET 


2N4341 


2N3921 


D N JFET 


2N3921 




2N4352 


P MOS ENH 


3N163 


2N3922 


D N JFET 


2N3922 




2N4381 


P JFET 


2N2609 


£IMOS*J*f 


D N JFET 


2N3954 




2N4382 


P JFET 


2N5115 


2N3954A 


D N JFET 


2N3954A 




2N4391 


N JFET 


2N4391 




D N JFET 


2N3955 




2N4392 


N JFET 


2N4392 


dl<03 J Jn 


D N JFET 


2N3955A 




2N4393 


N JFET 


2N4393 




D N JFET 


2N3956 




2N4416 


N JFET 


2N4416 


lIiOj J/ 


D N JFET 


2N3957 




2N4416A 


N JFET 


2N4416A 


2N3958 


D N JFET 


2N3958 




2N4445 


N JFET 


2N5432 




N JFET 


2N3966 




2N4446 


N JFET 


2N5433 




N JFET 


2N4221 




2N4447 


N JFET 


2N5432 




N JFET 


2M4221 




2N4448 


N JFET 


2N5433 




N JFET 


2N4339 




2N4856 


N JFET 


2N4856 


2N3968A 


N JFET 


2N4339 




2N4856A 


N JFET 


2N4856A 


?i\R9fiq 

Lll JjUJ 


N JFET 


2N4339 




2N4856JAN 


N JFET 


2N4856JAN 




N JFET 


2N3686 


CD 
O 


2N4856JANTX 


N JFET 


2N4856JANTX 




N JFET 


2N3970 

til JJt U 


CO 


2N4856JANTXV 


N JFET 


2N4856JANTXV 


2N3971 


N JFET 


2N3971 


M 
O 


2N4857 


N JFET 


2N4857 


2N3972 


N JFET 


2N3972 


c 

CO 


2N4857A 


N JFET 


2N4857A 


rl IwjjO 


P JFET 


2N3386 


*CO 


2N4857JAN 


N JFET 


2N4857JAN 


OMOQQ'IA 


P JFET 


2N3386 


9 


2N4857JANTX 


N JFET 


2N4857JANTX 


2N3994 


P JFET 


2N3382 


a 


2N4857JANTXV 


N JFET 


2N4857JANTXV 


2N3994A 


P JFET 


2N3382 


r- 
LU 

* 


2N4858 


N JFET 


2N4858 


2 N 4084 


D N JFET 


2N4084 


CO 


2N4858A 


N JFET 


2N4858A 


2N4085 


D N JFET 


2N4085 


c 

a> 


2N4858JAN 


N JFET 


2N4858JAN 


2N4091 


N JFET 


2N4091 


CO 


2N4858JANTX 


N JFET 


2N4858JANTX 


?N4fiQ1 A 


N JFET 


2N4091 




2N4858JANTXV 


N JFET 


2N4858JANTXV 


2N4092 


N JFET 


2N4092 


ma 


2N4859 


N JFET 


2N4859 


2N4092A 


N JFET 


2N4092 


CO 

Si 


2N4859A 


N JFET 


2N4859A 


2N4093 


N JFET 


2N4093 


CO 

o> 


2N4859JAN 


N JFET 


2N4859JAN 


2N4093A 


N JFET 


2N4093 




2N4859JANTX 


N JFET 


2N4859JANTX 


2N4117 


N JFET 


2N4117 


CD 


2N4859JANTXV 


N JFET 


2N4859JANTXV 


2N4117A 


N JFET 


2N4117A 


o 


2N4860 


N JFET 


2N4860 


2N4118 


N JFET 


2N4118 


CD 


2N4860A 


N JFET 


2N4860A 


2N4118A 


N JFET 


2N4118A 




2N4860JAN 


N JFET 


2N4860JAN 


2N4119 


N JFET 


2N4119 


EC 


2N4860JANTX 


N JFET 


2N4860JANTX 


2N4119A 


N JFET 


2N4119A 




2N4860JANTXV 


N JFET 


2N4860JANTXV 


2N4120 


P MOS ENH 


3N163 




2N4861 


N JFET 


2N4861 


2N4139 


N JFET 


2N3822 




2N4861A 


N JFET 


2N4861A 


2N4220 


N JFET 


2N4220 




2N4861JAN 


N JFET 


2N4861JAN 


2N4220A 


N JFET 


2N4220A 




2N4861JANTX 


N JFET 


2N4861JANTX 


2N4221 


N JFET 


2N4221 




2N4861JANTXV 


N JFET 


2N4861JANTXV 


2N4221A 


N JFET 


2N4221A 




2N4867 


N JFET 


2N4867 


2N4222 


N JFET 


2N4222 




2N4867A 


N JFET 


2N4867A 


2N4222A 


N JFET 


2N4222A 




2N4868 


N JFET 


2N4868 


2N4223 


N JFET 


2N4223 




2N4868A 


N JFET 


2N4868A 


2N4224 


N JFET 


2N4224 




2N4869 


N JFET 


2N4869 


2N4267 


P MOS ENH 


3N163 




2N4869A 


N JFET 


2N4869A 


2N4302 


N JFET 


PN4302-18 




2N4977 


N JFET 


2N5432 


2 N 4303 


N JFET 


PN4303-18 




2N4978 


N JFET 


2N5433 


2N4304 


N JFET 


PN4304-18 




2N4979 


N JFET 


2N5434 


2N4338 


N JFET 


2N4338 




2N5018 


P JFET 


2N5018 


2N4339 


N JFET 


2N4339 




2N5019 


P JFFT 


2N5019 



CD 
Q 



£ 

CM 
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2N5020 


P JFET 


2N3329 




2N5484 


N JFET 


2N5484 






2N5021 


P JFET 


2N2608 




2N5485 


N JFET 


2N5485 






2N5033 


P JFET 


2 N 2608 




2N5486 


N JFET 


2N5486 






2N5045 


D N JFET 


2N5045 




2N5515 


D N JFET 


2N5515 






2N5046 


D N JFET 


2N5046 




2N5516 


D N JFET 


2N5516 






2N5047 


D N JFET 


2N5047 




2N5517 


D N JFET 


2N5517 






2N5103 


N JFET 


2N4416 




2N5518 


D N JFET 


2N5518 






2N5104 


N JFET 


2N4416 




2N5519 


D N JFET 


2N5519 






2N5105 


N JFET 


2N4416 




2N5520 


D N JFET 


2N5520 






2N5114 


P JFET 


2N5114 




2N5521 


D N JFET 


2N5521 






2N5115 


P JFET 


2N5115 




2N5522 


D N JFET 


2N5522 






2N5116 


P JFET 


2N5116 




2N5523 


D N JFET 


2N5523 






2N5158 


N JFET 


2N5434 




2N5524 


D N JFET 


2N5524 






2N5159 


N JFET 


2N5433 




2N5545 


D N JFET 


2N5545 






2N5196 


D N JFET 


2N5196 




2N5546 


D N JFET 


2N5546 






2N5197 


D N JFET 


2N5197 




2N5547 


D N JFET 


2N5547 






2N5198 


D N JFET 


2N5198 


o 


2N5549 


N JFET 


2N4392 




CJD 


2N5199 


D N JFET 


2N5199 


2N5561 


D N JFET 


U401 




O 


2N5245 


N JFET 


PN4416 




2N5562 


D N JFET 


U402 




tt 


2N5246 


N JFET 


J305-18 


« 


2N5563 


N JFET 


U404 




« 

O 








o 


2N5564 


D N JFET 


2N5564 




c 


2N5247 


N JFE 


J304-18 


c 










01 


2N5248 


N JFET 


2N5486 


0) 


2N5565 


D N JFET 


2N5565 




CO 


2N5257 


N JFET 


2N5457 




2N5566 


D N JFET 


2N5566 




g> 

Q 


2N5258 


N JFET 


2N5458 




2N5592 


N JFET 


2N3822 




1— 


2N5259 


N JFET 


2N5459 




2N5593 


N JFET 


2N3822 




UJ 








LL 




N JFET 


2N3822 








P IPPT 














« 
c 




P JFET 




§> 




N JFET 


JDJO 




on 




P IFPT 




C/3 




N JFET 






CO 




P JFET 








N JFET 






« 


9WR9RQ 


P IPFT 
r jrt 1 




M 

E 




N JFET 


d IN *t I I I M 




t 








CO 


2N5648 


N JFET 


2N4117A 




CO 




P JFET 


inn n 1 


£! 










CM 




N JFET 


2N4340 


05 


(JINDD49 


N JFET 


OH ,1 1 i 7 A 




§ 


2N5359 


N JFET 


2N4340 


T— 


2N5797 


P JFET 


OMicno 




o 


2N5360 


N JFET 


2N4339 


« 

c 


TM £7(10 


P JFET 


dridovo 




<— 


2N5361 


N JFET 


2N4339 


o 




P JFET 






o 










2N5800 


P JFET 


2N2608 






2N5362 


N JFET 


2N4339 


5 










£ 


2N5363 


N JFET 


2N4222A 


» 


2N5801 


N JFET 


2N4393 




DC 


2N5364 


N JFET 


2N4224 




2N5802 


N JFET 


2N4393 






2N5391 


N JFET 


2N4867A 




2N5803 


N JFET 


2N4392 






2N5392 


N JFET 


2N4868A 




2NbyU2 


D N JFET 


9M cor\0 














2N5903 


D N JFET 


2N5903 






2N5393 


N JFET 


?N4RfiQA 

cli'toujft 




2N5904 


D N JFET 


2N5904 






2N5394 


N JFET 










2N5395 


N JFET 


2N4869A 




2N5905 


D N JFET 


2N5905 






2N5396 


N JFET 




2N5906 


D N JFET 


2N5906 






2N5397 


N JFET 


U310 






D N JFET 


CM 








2N5908 


D N JFET 


2 N 5908 






2N5398 


N JFET 


U312 




2N5909 


D N JFET 


2N5909 






2N5432 


N JFET 


2N5432 




2N5911 


D N JFET 


2N5911 






2N5433 


N JFET 


2N5433 




2N5912 


D N JFET 


2N5912 






2N5434 


N JFET 


2N5434 




2N5949 


N JFET 


PN4416 






2N5452 


D N JFET 


2N5452 




2N5950 


N JFET 


PN4416 






2N5453 


D N JFET 


2N5453 




2N5951 


N JFET 


PN4416 






2N5454 


D N JFET 


2N5454 




2N5952 


N JFET 


J305 






2N5457 


N JFET 


2N5457 




2N5953 


N JFET 


J305 






2N5458 


N JFET 


2N5458 




2N6451 


N JFET 


2N4393 






2N5459 


N JFET 


2N5459 




2N6452 


N JFET 


2N4393 
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Industry 
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N JFET 


9M,d1Q1 

tiNtoy j 






202S 


N JFET 


2N4392 


OK\KA R/l 


M ICCT 








203S 


N JFET 


2N3821 






| J 






204S 


N JFET 


2N3821 


OMRARA 
£lNb4tH 


D N JFET 


U402 






21 OU 


N JFET 


2N4416 


2N6585 


D N JFET 


U404 






231S 


D N JFET 


2N3954 


^INbJOO 


M ICCT 
In J r 1 1 


U290 






232S 


D N JFET 


?N3QS I i 


9MRR^R 


W HAflQ M CMU 
v MUo Iv. tiMn 


ilMbbjb 






233S 


D N JFET 


Lll JU 




V MUo N tiMM 


OMRRC7 






234S 


D N JFET 


?MQQ<;7 


omrrc;o 


\l MAC M CMU 
v MUo IN tvin 








235S 


D N JFET 


?N3Q5R 

C\H 03 JO 


2N6659 


V MOS N ENH 


2N6659 






241 U 


N JFET 


2N4869 


ilMODDU 


V MUo IM tNn 


OMRRRH 

■iiNbbbU 






250U 


N JFET 


2N4091 


.cNbbbi 


w Mnc m cmu 
V MUo N tIMn 


OMRRR1 

^iNbbbi 






251 U 


N JFET 


2N4392 


3N145 


□ Mnc cmu 
r MUo tNn 


3N1 63 






703U 


N JFET 




3N1 46 


d iunc CMU 
r MUo tINIn 


3N1 63 






704U 


N JFET 


2N4220 


3N155 


P MOS ENH 


3N163 






705U 


N JFET 


2N4224 


3N1 55A 


n fcA/^c nun 

P MUo bNH 


3N163 






7H71 1 
IUI U 


M ICCT 
IN J r 1 1 


tllNIObU 


3N1 56 


r MUo bNH 


3N163 






71 4U 


M ICCT 
IN Jrt I 


o m i a o o 


3N1 56A 


P MUb bNH 


3N163 




o 


734U 


M ICCT 
vi Jrt l 


OM/I A 1 C 


3N157 


□ nunc cmu 

r MUo tNn 


3N163 




« 


71ZCI 1 


IM J r 1 1 


DMd A 1 R 
r IM n't I b 


3N157A 


P MOS ENH 


3N163 




B 
O 


751 U 


N JFET 


2N4340 


3N158 


P MOS ENH 


3N163 




ign 


752U 


N JFET 


ail a o Af\ 

<;N4 J4U 


3N158A 


P MOS ENH 


3N163 






753U 


N JFET 


i:N4o4l 


3N163 


P MOS ENH 


3N163 




Q 


754U 


N JFET 


<:N434u 


3N1 64 


P MOo ENH 


3N164 






755U 


N JFET 


^N4o41 


3N174 


P MOS ENH 


3N163 




U- 


756U 


N JFET 


2N4340 


14T 


N JFET 


2N3819 




nal 


1 277A 


N JFET 


Oil OQOO 


142T 


N JFET 


dki jnni 

PN439*! 






1 278A 


N JFET 




1 58T 


N JFET 


PN4302 




W 


1 279A 


N JFET 


0*10004 


1 59T 


N JFET 


PN4416 




15 


1280A 


N JFET 


2N4224 


100S 


N JFET 


PN4304 




Sm 


1281A 


N JFET 


2N3822 


100U 


N JFET 


<;N3bo4 




Si 


1 282A 


N JFET 


<;N4o41 


102M 


N JFET 


2 N 5486 




1 


1 283A 


N JFET 


2N4340 


102S 


N JFET 


2N4302 






1 284A 


N JFET 


OIN TOO 


103M 


N JFET 


2N5457 




£ 


1 285A 


N JFET 


OMOOOl 

2N3821 


103S 


N JFET 


2N5459 




o 


1286A 


N JFET 


2N4220 


104M 


N JFET 


2N5458 






1325A 


N JFET 


2N4222 


105M 


N JFET 


2N5459 






1714A 


N JFET 


2N4340 


105U 


N JFET 


2N4222 






2000M 


N JFET 


2N3823 


106M 


N JFET 


2N5485 






2001 M 


N JFET 


2N3823 


107M 


N JFET 


C\\ 3400 






2078A 


D N JFET 


9MTQRR 
c-W Ov DO 


110U 


N JFET 


2N4339 






2079A 


D N JFET 


2N3955 


115U 


N JFET 








2080A 


D N JFET 


2N5546 


120U 


N JFET 


2N4340 






2081 A 


D N JFET 


2N5546 


125U 


N JFET 


2N4339 






2093M 


N JFET 


2N3687 


130U 


N JFET 


2N4341 






2094M 


N JFET 


2N3686 


135U 


N JFET 


2N4339 






2095M 


N JFET 


2N3686 


155U 


N JFET 


2N4416 






2098A 


D NJFET 


2N5545 


182S 


N JFET 


2N4391 






2099A 


D N JFET 


2N5546 


183S 


N JFET 


2N3823 






2130U 


D N JFET 


2N5452 


197S 


N JFET 


2N4338 






2132U 


D N JFET 


2N3955 


198S 


N JFET 


2N4340 






2134U 


D N JFET 


2N3956 


199S 


N JFET 


2N4341 






2136U 


D N JFET 


2N3957 


200S 


N JFET 


2N4392 






2138U 


D N JFET 


2N3958 


200U 


N JFET 


2N3824 






2139U 


D N JFET 


2N3958 


201S 


N JFET 


2N4391 






2147U 


D N JFET 


2N3958 



p 



o 



(D 
^» 

<D 

O 
3 
O 
(D 



Data 
Sheet 
Page 



Geometry 
Page 



o 

(0 



O) 

to 



E 



5? 
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2148U 


D N JFET 


2N3958 






BFW56 


N JFET 


2N4869 






2149U 


D N JFET 


2N3958 






BFW61 


N JFET 










N JFET 


J305 








N JFET 


2N4416 






A5T3822 


N JFET 


J305 






BSV22 






A5T3823 


N JFET 


PN4416 






BSV78 


N JFET 


2N4856A 










BSV80 


N JFET 


2N4858A 






A5T3824 


N JFET 


J302-18 






ran ihi 

U*l 1 JIV 


N JFET 


2N5434 






A192 


N JFET 


2N4416 






C673 


N JFET 


2N4341 






AD830 


u m jrt i 


U421 








N JFET 


2N4341 






AD831 


D N JFET 


U421 






C674 






AD832 


D N JFET 


U422 






C680 


N JFET 


2N4338 












C680A 


N JFET 


2N4338 






AD833 


D N JFET 


U426 






C681 


N JFET 


£lNHOOO 






AD833A 


D N JFET 


U423 






C681A 


N JFET 


2N4338 






MUOJ J 


D N JFET 


2N3921 








N JFET 


2N4339 






AD836 


D N JFET 


2N3921 






C682 






AD837 


D N JFET 


2N3922 






C682A 


N JFET 


2N4339 














C683 


N JFET 


2N4339 






AD838 


D N JFET 


2N4085 






C683A 


N JFET 


9MA11Q 






AD839 


D N JFET 


2N4085 




O) 


C684 


N JFET 


2N4220 




a> 


MUO*(U 


u n Jrt l 


9 him Qfi 




o 




N JFET 


2N4220 




o 


AD841 


D N JFET 


2N5197 






C684A 




eg 


AD842 


D N JFET 


2N5199 




a 

a 


C685 


N JFET 


2N4220 




« 
O 






C685A 


N JFET 


2N4220 




AD3954 


D N JFET 


2N3954 




c 
ai 


pecan 


N jrt I 


2N4141 




c 
OB 


AD3954A 


D N JFET 


2N3954A 






C6691 


N JFET 


2N4341 




<n 
a> 


AD3955 


D N JFET 


2N3ybD 








N JFET 


2N4340 






AD3956 


D N JFET 


2N3956 




H 


C6692 






AD3957 


N JFET 


2N3957 




UJ 
u- 


CM 600 
CM601 


N JFET 
N JFET 


2N4092 
2N4091 




U. 


AD3958 


D N JFET 


2N3958 




"w 
c 


CM602 


N JFET 


ohm no 1 




"ro 
c 


BC264 


N JFET 


PN4304 




O) 


CM603 


N JFET 


2N4091 




O) 




N JFET 


DhM'jno 
rlM^jUc 




55 






2N4093 




CO 


BC264B 


N JFET 


PN4304 




— 
a 


CM640 


N JFET 




— 
(0 


8C264C 


N JFET 


PN4304 




E 
co 


CM641 
CM642 


N JFET 
N JFET 


2N4093 
2N4093 




fc 

CO 


BC264D 


N JFET 


PN4416 




CO 


CM643 


N JFET 






CO 


BF244A/B/C* 


N JFET 


"Contact factory 




™ 


r KARA A 


N JFET 


2N4092 






BF245A/B/C* 


D N JFET 


•Contact factory 








N JFET 






a) 


BFR45 


D N JFET 


2N4416 






0IVID*t3 




*- 


BFS21 


N JFET 


2N5199 




o 


CKARAR 


N JFET 






o 








1— 


CM647 


N JFET 


2N4091 




tm 


BFS21A 


D N JFET 


nil c - nn 

2N5 199 






UMD3U 


in jrt I 






CD 


BFS67 


N JFET 


on n on -i 




tr 


CKAR^A 


N JFET 






<P 

tx 


Drbbf r 


N JFET 


2N43UJ 
















BFS68 


N JFET 


2N3823 






CM652 


N JFET 


2N5432 






BFS68P 


N JFET 


PN4416 






CM653 
CM697 


N JFET 
N JFET 


2ND43J 
2N5434 






BFS70 


N JFET 


2N3821 






CM800 


N JFET 


2N5434 






BFS71 


N JFET 


2N3822 






CMX740 


N JFET 


U290 






BFS72 


N JFET 


2N3823 






CP640 


N JFET 


U296 






BFS73 


N JFET 


2N3821 








■ 


BFS74 


N JFET 


/ill iflrc 

2N48S6 






CP643 


N JFET 


2N5434 










CP650 


N JFET 


U322 






BFS75 


N JFET 


2N4857 






CP651 


N JFET 


U320 






BFS76 


N JFET 








CP652 


N JFET 


U322 








hi ICCT 
ro jrt 1 








CP653 


N JFET 


U320 






BFS78 


N JFET 


Till ^ ocn 
2N4obU 






CR022 Thru CR470 Referenced Under 1N Series 








IN Jrt 1 








CRR0240-4300 


CL N FET 


CRR0240-4300 






BFS80 


N JFET 


2N4416A 






DN5564-66 


D N JFET 


DN5564-66 






BFW10 


N JFET 


2N3823 






DN5567 


D N JFET 


DN5567 






BFW11 


N JFET 


2N3822 






DPAD1 


D PAD N JFET 


DPAD1 






BFW54 


N JFET 


2N3822 






DPAD2 


PAD N JFET 


DPAD2 






BFW55 


N JFET 


2N3822 






DPA05 


D PAD N JFET 


DPAD5 



























smcomx 



sioitttFET Cross Reference (confco 



o 

i 
i 

<D 

(D 
3 
O 
(D 



Industry 
Part Number 



Type and Recommended ejfeet Geometry 
Classification Replacement pgge Page 



Industry 


Type and 


Recommended 


Part Number 


Classification 


Replacement 




E500 


CL N JFET 


J500 


E501 


CL N JFET 


J501 


E502 


CL N JFET 


J502 


E503 


CL N JFET 


J503 


E504 


CL N JFET 


J 504 


E505 


CL N JFET 


J505 


E506 


CL N JFET 


J 506 


E507 


CL N JFET 


J507 


EPAD50 


DD N JFET 


JPAD50 


EPAD100 


DD N JFET 


JPAD100 


cda ninn 
trAU2UU 


nn M icct 
UU IN Jrtl 


JrAU^UU 


tPADoOU 


nn m icct 

UU N Jrbl 


id a ncnn 
JrAUbUU 


FE1 00 


N JFET 


onion 
i;N JtJ2l 


FE100A 


N JFET 


2N3821 


FE102 


N JFET 


2N4119 


FE102A 


N JFET 


2N41 19 


FE104 


N JFET 


2N41 18 


FE104A 


N JFET 


2N4118 


FE200 


N JFET 


2N3821 


FE202 


N JFET 


2N3821 


FE204 


N JFET 


2N3821 


FE300 


N JFET 


2N3822 


FE302 


N JFET 


2N3821 


FE304 


N JFET 


2N3821 


FE0654A 


N JFET 


2N5486 


FE0654B 


N JFET 


2N5485 


FE3819 


N JFET 


2N3819 


FE5457 


N JFET 


2N5457 


FE5458 


N JFET 


2N5458 


FE5459 


N JFET 


2N5459 


FE5484 


N JFET 


2N5484 


FE5485 


N JFET 


2N5485 


FE5486 


N JFET 


2N5486 


FM3954 


D N JFET 


2N3954 


FM3954A 


D N JFET 


2N3954A 


FM3955 


D N JFET 


2N3955 


FM3955A 


D N JFET 


2N3955A 


FM3956 


D N JFET 


2N3956 


FM3957 


D N JFET 


2N3957 


FM3958 


D N JFET 


2N3958 


FN4117 


N J FET 


FN4117 


FN4117A 


NJFET 


FN4117A 


FN4118 


N J FET 


FN4118 


FN4118A 


N J FET 


FN4118A 


FN4119 


N J FET 


FN4119 


FN4119A 


N J FET 


FN4119A 


FN4392 


NJFET 


FN4392 


FN4393 


NJFET 


FN4393 


FT0654A 


N JFET 


2N5486 


FT0654B 


N JFET 


2N5486 


FT0654C 


N JFET 


2N4221 


FT0654D 


N JFET 


2N4221 


FT 704 


P MOS ENH 


3N163 



Data 
Sheet 
Page 



Geometry 
Page 



DPAD10 

DPAD20 

DPA050 

DPAD100 

0U4339 

0U4340 

E100 

E101 

E102 

E103 

E105 
E106 
E107 
E108 
E109 

E110 
El 1 1 
E112 
E113 
E114 

E174 
E175 
E176 
E177 
E201 

E202 
E203 
E204 
E210 
E211 

E212 
E230 
E231 
E232 
E270 

E271 
E300 
E304 
E305 
E308 

E309 
E310 
E400 
E401 
E402 

E410 
E411 
E412 
E413 
E414 

E415 
E420 
E421 
E430 
E431 



D PAD N JFET 
PAD N JFET 
D PAD N JFET 
D PAD N JFET 
D N JFET 

D N JFET 
N JFET 
N JFET 
N JFET 
N JFET 

N JFET 
N JFET 
N JFET 
N JFET 
N JFET 

N JFET 
N JFET 
N JFET 
N JFET 
N JFET 

P JFET 
P JFET 
P JFET 
P JFET 
N JFET 

N JFET 
N JFET 
N JFET 
N JFET 
N JFET 

N JFET 
N JFET 
N JFET 
N JFET 
P JFET 

P JFET 
N JFET 
N JFET 
N JFET 
N JFET 

N JFET 
N JFET 
D N JFET 
D N JFET 
D N JFET 

D N JFET 
D N JFET 
D N JFET 
D N JFET 
D N JFET 

D N JFET 
D N JFET 
D N JFET 
D N JFET 
D N JFET 



DPAD10 

DPAD20 

DPAD50 

DPAD100 

U235 

U235 

J203-18 

J20M8 

J202-18 

J105-18 

J105-18 
J106-18 
J107-18 
J108-18 
J109-1B 

J110-18 
J111-18 
J112-18 
J113-18 
J114 

J174-18 
J175-18 
J176-18 
J177-18 
J201-18 

J202-18 

J203-18 

J204-18 

J210 

J211 

J212 

J230-18 

J231-18 

J232-18 

J270-18 

J271-18 

J300 

J304 

J305 

J308 

J309 
J310 
U410 
U411 
U410 

U410 
U411 
U412 
U410 
U411 

U412 
U440 
U441 
U430 
U431 



o 

•2 
to 
O 
c 
g> 
in 

<D 
Q 



m 
E 

CO 



o 
rr 



o 
S 
O 



0) 

a 



CO 

E 
CO 
CJ 
CO 



CD 

rr 



Siliconix 



7-25 



signalFET Cross Reference (Cont'd) 



Industry 
Part Number 


Type and 
Classification 


Recommended 
Replacement 


c!!Lf< Geometry 
Sheet Pane 
Page KaQO 


Industry 
Part Number 


Type and 
Classification 


Recommended 
Replacement 


Data 
Sheet 
Page 


Geometry 
Page 


GET5457 


N JFET 


2N5457 






J110 


N JFET 


J 1 1 






GET5458 


N JFET 






11 m.1 fl 


N JFET 


J1 1 0-18 






GET5459 


N JFET 


2N5459 




J1 1 1 


N JFET 


J1 1 1 






HDIG1030 


P MOS ENH 


3N163 




J111-18 


N JFET 


J111-18 






10100 


D PAD N JFET 


DPAD1 




J112 


N JFET 


J112 






ID101 


D PAD N JFET 


DPAD10 




J112-18 


N JFET 


J1 1 2-18 






IMF3954 


D N JFET 


2N3954 




J113 


N JFET 


J113 








D N JFET 


2N3954A 




J1 13-18 


N JFET 


J1 1 3-18 






IMF3955 


D N JFET 


2N3955 




J174 


P JFET 


J174 






IMF3955A 


D N JFET 


2N3955A 








IMF3956 


D N JFET 


2N3956 




J174-18 


P JFET 


J174-18 






IMF3957 


D N JFET 


2N3957 




J175 


P JFET 


J175 






IMFIQSfl 


D N JFET 






J175-18 


P JFET 


J175-18 






1MF6485 


D N JFET 


U405 




J176 


P JFET 


J176 






moo 


P JFET 


2N5116 




J1 76-1 8 


P JFET 


J176-18 






IT101 


P JFET 


2N51 14 




J177 


P JFET 


J177 






IT108 


N JFET 




o> 


J177-18 


P JFET 


J177-18 




o> 


IT109 


N JFET 


□310 


o 


J201 


N JFET 









II I / uu 


P MftQ EMU 
r rvlUo Erin 


^ M 1 R T 
OIH I Do 


« 


J201-18 


N JFET 








IT1702 


r MUatNH 


JN1 DO 


to 
O 


J202 


N JFET 






« 



ITE500 


PI N IFFT 


J 500 


c 

O) 


J202-18 


N JFET 






ign 


ITE501 


PI M IFFT 


J 501 


CO 

s 


J203 


N JFET 






m 

■ 


ITE502 


PI N IFFT 


J502 




J203-18 


N JFET 






Q 


ITE503 


CL N JFET 


J503 




J 204 


N JFET 


J204 




ti 


ITE504 


CL N JFET 


J 504 


U- 


J204-18 


N JFET 


J204-18 




U_ 


ITE505 


PI N IFFT 


J505 


nal 


J210 


N JFET 


J210 




nal 


ITE506 


PI N IFFT 

L L ll JrC 1 


J506 


OS 


J211 


N JFET 


J211 




O) 


ITE507 


n W IFFT 


J507 


co 


J212 


N JFET 


J212 




CO 


ITF'Wfifi 
1 1 t JUOO 


N JFET 


J202-18 


■5 


J230 


N JFET 


J 230 






ITF1flfi7 
1 1 COUD 1 


N JFET 


i?ni -1 r 

Jtu I I o 


e 


J230-18 


N JFET 


J230-18 




E 








CO 










CO 


ITFIflfiR 
1 1 t JUDO 


N JFET 


J201 -18 


CM 
CO 


J231 


N JFET 


J231 




CM 
CO 


ITE41 1 7 


N JFET 


2N4 1 1 7 


o> 


J231-18 


N JFET 


J231 -18 




s 


ITE41 1 8 


N JFET 


2N41 1 8 


s 


J232 


N JFET 


J232 




CO 


ITE41 19 


N JFET 


2N41 1 9 


JZ 


J232-18 


N JFET 


J232-18 




c 


L 1 L^JJO 


N JFET 


J201-18 





J270 


P JFET 


J270 







ITE4339 


N JFET 


J201-18 


<5 


J270-18 


P JFET 


J270-18 




£ 


ITE4340 


N JFET 


J202-18 


"as 

DC 


J271 


P JFET 


J271 




DC 


ITE4341 


N JFET 


J203-18 




J271-18 


P JFET 


J271-18 






ITE4391 


N JFET 


PN4391-18 




J300 


N JFET 


J300 






ITE4392 


N JFET 


PN4392-18 




J300A/B/C/D 


N JFET 


J300A/B/C/D 














J304 


N, JFET 


J304 






ITF41QT 


N JFET 


















N JFET 


PN441 R 




J305 


N JFET 


J305 






1TE4867 


N JFET 


i?in-i ft 




J308 


N JFET 


J308 






ITE4868 


N JFET 


J231-18 




J309 


N JFET 


J309 






ITE4869 


N JFET 


J232-18 




J310 


N JFET 


J310 














J401 


D N JFET 


U401 






J105 


N JFET 


J105 




J402 


D N JFET 


U402 






J105-18 


N JFET 


J105-18 




J403 


D N JFET 


U403 






J106 


N JFET 


J106 




J404 


D N JFET 


U404 






J106-18 


N JFET 


J106-18 




J405 


D N JFET 


U405 






J107 


N JFET 


J107 




J406 


D N JFET 


U406 






J107-18 


N JFET 


J107-18 




J410 


D N JFET 


U410 






J108 


N JFET 


J108- 




J411 


D N JFET 


U411 






J108-18 


N JFET 


J108-18 




J412 


D N JFET 


U412 






J109 


N JFET 


J109 




J500 


CL N JFET 


J500 






J109-18 


N JFET 


J109-1* 




J501 


CL N JFET 


J501 







7-26 



Siliconix 



s?gnalFET Cross Reference (Cont'd) 



II 

m 

o 



73 

<D 
(D 

o 

<D 



Industry 
Part Number 


Type and 
Classification 


Recommended 
Replacement 


J502 


CL N JFET 


J502 


J 503 


CL N JFET 


J503 


J504 


CL N JFET 


J504 


J505 


CL N JFET 


J505 


J506 


CL N JFET 


J506 


J507 


CL N JFET 


J507 


J508 


CL N JFET 


J 508 


J 509 


CL N JFET 


J509 


J510 


CL N JFET 


J510 


J511 


CL N JFET 


J51 1 


J552 


CLN JFET 


J552 


J553 


CL N JFET 


J553 


J554 


CL N JFET 


J554 


J555 


CL N JFET 


J 030 


J 556 


CL N JFET 


J 556 


J557 


CL N JFET 


J557 


JPAD5 


PAD N JFET 


JPAD5 


JPAD10 


PAD N JFET 


JPAD10 


JPAD20 


n»n hi i n — r 

PAD N JFET 


JPAD20 


JPAD50 


PAD N JFET 


JPAD50 


JPAD100 


PAD N JFET 


JPAD100 


JPAD200 


PAD NJFET 


JPAD200 


JPA0500 


PAD N JFET 


JPAD500 


JR135V 


CL N JFET 


JR135V 


JR170V 


CLN JFET 


JR170V 


JR200V 


CL N JFET 


JR200V 


JR220V 


CL N JFET 


JR220V 


JR240V 


CL N JFET 


JR240V 


J1401 


D N JFET 


U401 


J1402 


D N JFET 


U402 


J 1403 


D N JFET 


U403 


J 1404 


D N JFET 


U404 


J 1405 


D N JFET 


U405 


J 1406 


D N JFET 


U406 


J9100 


CL N JFET 


J9100 


K210-18 


N JFET 


J2I0 


K211-18 


N JFET 


J211 


K212-18 


N JFET 


J212 


K300-18 


N JFET 


J210 


K304-18 


N JFET 


J304 


K305-18 


N JFET 


J305 


K308-18 


N JFET 


J308 


K309-18 


N JFET 


J309 


fl-1 ft 


N JFET 


J310 


kr-iKftd 


N JFET 




m; j0o j 


N JFET 


^WlfiftS 

t. It JDO J 


r\COOOD 


N JFET 


(L NOUOU 


KE3687 


N JFET 


2N3687 


KE3823 


N JFET 


J304-18 


KE3970 


N JFET 


PN439M8 


KE3971 


N JFET 


PN4392-18 


KE3972 


N JFET 


PN4393-18 


KE4091 


N JFET 


PN4391-18 


KE4092 


N JFET 


PN4392-18 


KE4093 


N JFET 


PN4393-18 


KE4220 


N JFET 


2N5457 


KE4221 


N JFET 


2N5457 


KE4222 


N JFET 


2N5459 


KE4223 


N JFET 


J304-18 


KE4224 


N JFET 


J304-18 


KE4391 


N JFET 


PN4391-18 


KE4392 


N JFET 


PN4392-18 


KE4393 


N JFET 


PN4393-18 



Page 



Page 



Industry 
Part Number 



Type and 
Classification 



Recommended 
Replacement 



Data 
Sheet 



Geometry 
Page 



O 
ffl 

O 



LU 



E 



KE4416 
KE4856 
KE4857 
KE4858 
KE4859 

KE4860 
KE4861 
KE5103 
KE5104 
KE5105 

KK4416-18 

LDF603 

LDF604 

LDF605 

M163 

M164 

MEM520 

MEM520C 

MEM561 

MEM561C 

MEM806 

MEM806A 

MFE823 

MFE2000 

MFE2001 

MFE2004 
MFE2005 
MFE2006 
MFE2007 
MFE2008 

MFE2009 
MFE2010 
MFE2011 
MFE2012 
MFE2093 

MFE2094 
MFE2095 
MFE4007 
MFE4008 
MFE4009 

MFE4010 

MFE4011 

MFE4012 

MK10 

MMF1 

MMF2 
MMF3 
MMF4 
MMF5 
MMF6 

MMT3823 

MPF102 

MPF103 

MPF104 

MPF105 

MPF106 
MPF107 
MPF108 
MPF109 
MPF111 



N JFET 


PN4416 




N JFET 


PN439M8 




N JFET 


PN4392-18 




N JFET 


PN4393-18 




N JFET 


PN4391-18 




N JFET 


PN4392-18 




N JFET 


PN4393-18 




N JFET 


J305 




N JFET 


J304 
J306 




N JFET 




N JFET 


PN4416 




N JFET 


2N4221A 




N JFET 


2N4221A 




N JFET 


2N4221A 




P M0S ENH 


3N163 




P M0S ENH 


3N164 




P M0S ENH 


3N164 




P MOS ENH 


3N164 




P MOS ENH 


3N163 




P MOS ENH 


3N163 














O 


P MOS ENH 


3N163 


CO 


P MOS ENH 


3N163 


« 


P MOS ENH 


MFE823 


O 


N JFET 


2N4416 


c 
rj) 


N JFET 


2N4416 


m 






a 


N JFET 


2N4093 


Q 


N JFET 


2N4092 


(— 
LU 


N JFET 


2N4091 


Li- 


N JFET 


2N4860 


ffl 


N JFET 


2N4859 


C 

a 






CO 


N JFET 


2N4859 


— 


N JFET 


2N5434 


CO 


N JFET 


2N5433 


g 
CO 


N JFET 


2N5432 


Si 


N JFET 


2N3687 


ss 

CD 






T— 


N JFET 


2N3686 


a) 
£ 


N JFET 


2N3685 


* - 


P JFET 


2N2608 


o 


P JFET 


2N2608 


CD 


P JFET 


2N3329 


CO 






DC 


P JFET 


2N3330 




P JFET 


2N3330 




P JFET 


2N3331 




N JFET 


<;N44l o 




D N JFET 


2N3921 




D N JFET 


2N3921 




D N JFET 


2N3921 




D N JFET 


2N3921 




D N JFET 


2N3921 




D N JFET 


2N3921 




N JFET 


2N3823 




N JFET 


MPF102 




N JFET 


2N5457 




N JFET 


2N5458 




N JFET 


2N5459 




N JFET 


2N5485 




N JFET 


2N5486 




N JFET 


MPF108 




N JFET 


MPF109 




N JFET 


MPF111 
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Industry 
Part Number 


Type and 
Classification 


Recommended 
Replacement 


Geometry 
Page 


Industry 
Part Number 


type ana 
Classification 


Hetomrntjiiueu 

Replacement 


Sheet 
Page 


«„. 
Pa 


as 


MPF112 


N JFET 




MPF112 




P1 086-1 8 


P JFET 


P1 086-1 8 








1»1 rrtJU 


N JFET 


J309 




PI 087 


P JFET 


P1087 








MPF820 


N JFET 


U310 




P1 087-1 8 


P JFET 


P1087-18 








MPF970 


P JFET 


J174 




PN4091 


N JFET 


PN4091 








MPF971 


P JFET 


J176 




PN4092 


N JFET 


PN4092 








MPF4391 


N JFET 


PN4391-18 




PN4093 


N JFET 


PN4093 










(M Jrt l 






PN4117 


N JFET 


PN4117 








MPF4393 


N JFET 


PN4393-18 




PN4117A 


N JFET 


PN4117A 








NF500 


N JFET 


2N4416 




PN4118 


N JFET 


PN4118 








NF501 


N JFET 


2N4416 




PN4118A 


N JFET 


PN4118A 








NF506 


N JFET 


2N4416 




PN4119 


N JFET 


PN4119 








NF510 


N JFET 


2N4393 




PN4119A 


N JFET 


PN4119A 








NF511 


N JFET 


2N4393 




PN4120 


N JFET 


PN4120 








NF520 


N JFET 


2N4339 




PN4120A 


N JFET 


PN4120A 








NF521 


N JFET 


2N4339 
























PN4302 


N JFET 


PN4302 








NF522 


N JFET 


2N4339 




PN4302-18 


N JFET 


PN4302-18 








NF523 


N JFET 


2N4340 




PN4303 


N JFET 


PN4303 








NF530 


N JFET 


2N4341 




PN4303-18 


N JFET 


PN4303-18 








NF531 


N JFET 


2N4339 
















NF532 


N JFET 


2N4341 




PN4304 


N JFET 


PN4304 




CTJ 










O 


PN4304-18 


N JFET 


PN4304-18 




o 




NF533 


H JFET 


2N4339 


s 


PN4391 


N JFET 


PN4391 




a 




NF580 


N JFET 


2N5432 


« 

o 


PN4391-18 


N JFET 


PN4391-18 




CO 

O 




NF581 


N JFET 


2N5432 


c 


PM/1TQ9 
rlM*tjyc; 


N JFET 


PN4392 




c 




NF582 


N JFET 


2N5433 


O) 










O) 




NF583 


N JFET 


2N5434 


'vi 




N JFET 


PN4392-18 




'« 




S 


PN4392-18 




o 




NF584 


N JFET 


2N5433 


Q 


PN4393 


N JFET 


PN4393 




Q 




NF585 


N JFET 


2N4859 


r- 
LU 


PN4393-18 


N JFET 


PN4393-18 




r- 




NF4302 


N JFET 


2N4302 


LI- 


PN4416 


N JFET 


PN4416 








NF4303 


N JFET 


2N4303 


'S 


PN51 63 


N JFET 


PN5163 




« 
C 




NF4304 


N JFET 


2N4304 


O) 










<3> 










CO 


PF510 


P JFET 


2N5018 




CO 




NF4445 


N JFET 


2N5432 


15 


PF511 


P JFET 


2N5014 




"flj 




NF4446 


N JFET 


2N5433 


E 










E 




NF4447 


N JFET 


2N5432 


co 


SD210DE 


D N JFET 


SD210DE 




CO 




NF4448 


N JFET 


2N5433 




SD211DE 


D N JFET 


SD211DE 




» 




NF5163 


N JFET 


2N5163 


1 


SD212DE 


D N JFET 


SD212DE 
















SD213DE 


D N JFET 


SD213DE 








NF5457 


N JFET 


2N5457 


£ 


SD214DE 


D N JFET 


SD214DE 




JZ 




NF5458 


N JFET 


2N5458 


O 










o 




NF5459 


N JFET 


2N5459 




SD215DE 


D N JFET 


SD215DE 








NF5484 


N JFET 


2N5484 


CO 




D N JFET 


UIlD 




£ 




NF5485 


N JFET 


2N5485 


tr 


DU20/y 


D N JFET 


U425 




tr 














u IN Jrt I 










NF5486 


N JFET 


2N5486 










NF5555 


N JFET 


2N5555 
















NF5638 


N JFET 


2 N 5638 




SU2098A 


D N JFET 


2N5197 








NF5639 


N JFET 


2 N 5639 




SU20988 


D N JFET 


2N5196 








NF5640 


N JFET 


2N5640 




SU2099 


D N JFET 


2N5197 














SU2099A 


D N JFET 


2N5197 








NF5653 


N JFET 


2N5653 




SU2365 


D N JFET 


U401 








NF5654 


N JFET 


2N5654 
















PAD1 


PAD N JFET 


PAD1 




SU2365A 


D N JFET 


U401 








PAD2 


PAD N JFET 


PAD2 




SU2366 


D N JFET 


U402 








PAD5 


PAD N JFET 


PAD5 




SU2366A 


D N JFET 


U402 
















SU2367 


D N JFET 


U403 








PAD10 


PAD N JFET 


PAD10 




SU2367A 


D N JFET 


U403 








PAD20 


n a r> tki i r~ i — r 

PAD N JFET 


PAD20 
















PAD50 


PAD N JFET 


PAD50 




SU2368 


D N JFET 


U404 








PAD100 


PAD N JFET 


PAD100 




SU2368A 


D N JFET 


U404 








P1086 


P JFET 


P1086 




SU2369 


D N JFET 


U405 
















SU2369A 


D N JFET 


U405 
















SU2410 


D N JFET 


U424 
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Siliconix 





e?cMA I - F E T C 




>ss R< 


sferei 


















^ ■ ■ ■ 


ice ( 


Cont'd) 






Industry 


Type and 


Recorn mended 


Data 
Sheet 


Geometry 


Industry 


Type and 


Recommended 


Data 
Sheet 


Geometry 


Part Number 


Classification 


Replacement 


Page 


Page 


Part Number 


Classification 


Replacement 


Page 


Page 


SU2411 


D N JFET 


U425 






U149 


P JFET 


2N2609 






SU2412 


N JFET 


U426 






U168 


P JFET 


2 N 2609 






TD5902 


N JFET 


2N5902 






U182 


N JFET 


2N4857 






Tncnnn 

i ubyiv 


n M IPFT 








U183 


N JFET 


2N3oV4 






Tncnnn ft 


D N JFET 


2N5902 






U197 


N JFET 








TD5903 


D N JFET 


2N5903 






U198 


N JFET 


2N4340 






TD5903A 


D N JFET 


2N5903 






U199 


N JFET 


2N4341 






Tncnn A 

I Ub9U4 


D N JFET 


2N5904 






U200 


N JFET 


U200 






xr\cnr\ A ft 


D N JFET 








U201 


N JFET 


U201 






TD5905 


N JFET 


2N5905 






U202 


N JFET 


U 202 






TD5905A 


D N JFET 


2N5905 






U221 


N JFET 


2N4391 






TD5906 


D N JFET 


2N5906 






U222 


N JFET 


2N4391 






Tr\cnftc ft 


D N JFET 


2N5906 






U231 


N JFET 


U231 






TD5907 


D N JFET 








U232 


D N JFET 


U232 






1 Uj9UfA 


D N JFET 


2N5907 






U233 


D N JFET 


U233 






TD5908 


D N JFET 


2N5908 






U234 


D N JFET 


U234 






TD5908A 


D N JFET 


2 N 5908 






U235 


D N JFET 


U235 




o> 


TD5909 


D N JFET 


2N5909 




O 


U240 


N JFET 


IMC A n 1 

2N5432 




o 


TD5909A 


D N JFET 


2N5909 




*cd 


U241 


H JFET 


2N5433 




M 


T 359 1 ! 


D N JFET 


2N5911 




co 
O 


U242 


N JFET 


^□432 




3 


TD5911A 


D N JFET 


2N5911 




c 

o> 


U243 


N JFET 


2N5433 




gn 


TD5912 


D N JFET 


2N5912 




a> 


U248 


D N JFET 


2N5902 




03 

9 


TD5912A 


D N JFET 


2N5912 




co 

a 


U248A 


D N JFET 


iiMoyuo 




Q 


T1S14 


N JFET 


2N4340 






U249 


D N JFET 






t: 


TIS25 


D N JFET 


U401 






U249A 


D N JFET 


tm cnn7 




ti- 


TIS26 


N JFET 


U402 




75 
c 


U25Q 


D N JFET 


9M RQfl/ 




ro 
c 


TIS27 


D N JFET 


U404 




O) 


U250A 


D N JFET 






o> 


TIS41 


N JFET 


2N4859 




co 


U251 


D N JFET 


nil cnrtc 

2Nb9UD 




CO 


TIS58 


N JFET 


J305-18 




"5 


U251 A 


N JFET 


nil cnnn 

^Nbyuy 




« 


TIS59 


D N JFET 


U1837 




E 


U254 


N JFET 


o 1 1 a aan 




E 










co 










CO 


TIS73 


N JFET 


PN439M8 




CM 


U255 


N JFET 


2N4860 






TIS74 


N JFET 


PN4392-18 




§? 


U256 


N JFET 


2N4861 






TIS75 


N JFET 


PN4393-18 




i — 


U257 


D N JFET 


U257 




T— 


TIS88 


H JFET 






CD 
£ 


U273 


N JFET 


OM >M 4 O A 

2N41 1oA 




0) 


TIXS41 


N JFET 


2N4859 




O 


U273A 


N JFET 


2N41 loA 




o 


TIXS42 


N JFET 


PN4393-18 




£ 


U274 


N JFET 


2N4119A 




I— 


TN4117 


N JFET 


2N4117 




"S 


U274A 


N JFET 


2N4119A 






TN41 1 7A 


N JFET 


2N4117A 




rr 


U275 


N JFET 


2N4119A 




rr 


TN41 18 


N JFET 


2N41 18 






U275A 


N JFET 


2N4119A 






T M A 1 i O ft 

I N4l loA 


N JFET 


2N4118A 






U280 


N JFET 


U231 






TN4119 


N JFET 


2N4119 






U281 


N JFET 


U231 






TN4119A 


N JFET 


2N4119A 






U282 


D N JFET 


U232 






TM «00O 

I N4 Joe 


N JFET 


2N4338 






U283 


D N JFET 


U232 






Til lilOO 

I N4339 


N JFET 








U284 


D N JFET 


U233 






TN4340 


N JFET 


2N4340 






U285 


D N JFET 


U234 






TN4341 


N JFET 


2N4341 






U290 


N JFET 


U290 






TP5114 


P JFET 


2N5114 






U291 


N JFET 


U291 






TP51 1 5 


P JFET 


2N5115 






U295 


N JFET 


U295 






TP51 16 


P JFET 


2N5116 






U296 


H JFET 


U296 






U 1 1 


P JFET 


2N2608 






U300 


P JFET 


2N51 14 






U112 


P JFET 


2N2608 






U301 


P JFET 


2N5115 






U133 


P JFET 


2 N 2608 






U304 


P JFET 


U304 






U146 


P JFET 


2N2608 






U305 


P JFET 


U305 






U147 


P JFET 


2N2608 






U306 


P JFET 


U306 






U148 


P JFET 


2N2608 






U308 


N JFET 


U308 









o 

i 

(D 

<D 

(D 
3 
O 
(D 
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sSgI&lFET Cross Reference (Cont'd) 



Industry 
Part Number 



Type and 
Classification 



Recommended 
Replacement 



Page 



Geometry 
Page 



U309 
U310 
U311 
U320 

U321 
U322 
U401 
U402 
U403 

U404 
U405 
U406 
U410 
U411 

U412 
U421 
U422 
U423 
U424 

U425 
U426 
U427 
U428 
U430 

U431 
U440 
U441 
U443 
U444 

U508 
U1177 
U1178 
U1179 

U1180 
U1181 
U1182 
U1277 
U1278 

U1279 
U1280 
U1281 
U1282 
U1283 

U1284 
U1285 
U1288 
U1287 
U1321 

U1322 
U1323 
U1324 
U1325 
U1420 



N JFET 
N JFET 
N JFET 
N JFET 

N JFET 
N JFET 
N JFET 
D N JFET 
D N JFET 

N JFET 
D N JFET 
D N JFET 
N JFET 
D N JFET 

D N JFET 
D N JFET 
D N JFET 
D N JFET 
D N JFET 

D N JFET 
D N JFET 
DN JFET 
DN JFET 
D N JFET 

D N JFET 
D N JFET 
D N JFET 
N JFET 
D N JFET 

N JFET 
N JFET 
N JFET 
N JFET 

N JFET 
N JFET 
N JFET 
N JFET 
N JFET 

N JFET 
N JFET 
N JFET 
N JFET 
N JFET 

N JFET 
N JFET 
N JFET 
N JFET 
N JFET 

N JFET 
N JFET 
N JFET 
N JFET 
N JFET 



U309 
U310 
U311 
U290 

U291 
U290 
U401 
U402 
U403 

U404 
U405 
U406 
U410 
U411 

U412 
U421 
U422 
U423 
U424 

U425 
U426 
U427 
U428 
U430 

U431 
U440 
U441 
U443 
U444 

CR030 
2N4220A 
2N3821 
2N3821 

2N4221A 

2N4220A 

2N3821 

2N4339 

2N4339 

2N4340 
2N4339 
2N3822 
2N4341 
2N4340 

2N4341 
2N4220 
2N4341 
2N4092 
2N3966 

2N4221A 

2N4221A 

2N4220A 

2N4222 

2N3821 



(0 
O 



in 



a 
E 

CO 



to 
f£ 



Industry 
Part Number 



Type and 
Classification 



Recommended 
Replacement 



Pfta G eorrM)lr y 

! h «" Page 
Page 



U1421 
U1422 
U1714 
U1837E 

U1897 

U1897-18 

U1897E 

U1898 

U1898-18 

U1898E 
U1899 
U1899-18 
U1899E 

U1994E 

U2047E 

U3000 

U3001 

U3002 

U3010 

U3011 

U3012 

UC20 

UC40 

UC41 

UC100 

UC110 

UC115 

UC120 

UC130 
UC155 
UC200 
UC201 
UC210 

UC220 
UC240 
UC241 
UC250 
UC251 

UC300 
UC310 
UC320 
UC330 
UC340 

UC400 
UC401 
UC410 
UC420 
UC450 

UC451 
UC588 
UC703 
UC704 
UC705 



N JFET 
N JFET 
N JFET 
N JFET 

N JFET 
N JFET 
N JFET 
N JFET 
N JFET 

N JFET 
N JFET 
N JFET 
N JFT 

N JFET 
N JFET 
N JFET 
N JFET 
N JFET 

N JFET 
N JFET 
N JFET 
N JFET 
P JFET 

P JFET 
N JFET 
N JFET 
N JFET 
N JFET 

N JFET 
N JFET 
N JFET 
N JFET 
N JFET 

N JFET 
N JFET 
N JFET 
N JFET 
N JFET 

P JFET 
P JFET 
P JFET 
P JFET 
P JFET 

P JFET 
P JFET 
P JFET 
P JFET 
P JFET 

P JFET 
N JFET 
N JFET 
N JFET 
N JFET 



2N3822 
2N3822 
2N4340 
U1837 

U1897 

U1897-18 

U1897-18 

U1898 

U1898-18 

U1898-18 
U1899 
U1899-18 
U1899-18 

U1994 

PN4416 

2N4341 

2N4339 

2N4338 

2N4341 
2N4340 
2N4338 
2N4341 
2N2608 

2N2608 
2N4339 
2N4339 
2N4340 
2N3686 

2N4341 
2N4416 
2N3824 
2N3824 
2N4416 

2N3822 
2N4869 
2N4869 
2N4091 
2N4392 

2 N 2608 
2N2843 
2N2843 
2N2843 
2N2843 

2N3331 
2N5116 
2N3330 
2N3329 
2N5114 

2N51 16 
2N4417 
2N4220 
2N4220 
2N4224 



O 

S 
« 
o 



E 

CO 

CO 
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SMALL 
SIGNAL 



FET Cross Reference (Cont'd) 



o 

i 

73 
<D 

<D 

CD 
3 

o 

<D 



Industry 


Type and 


Recommended 


Port Number 


Classification 


Replacement 


UC707 


N JFET 


2N4860 


UC714 


N JFET 


2N3822 


UC71 4E 


N JFET 


Jev J I o 


UC734 


N JFET 


2N4416 


UC734E 


N JFET 


PN4416 


UC751 


N JFET 


2N4340 


UC752 


N JFET 


2N4340 


UC753 


N JFET 


2N4341 


UC754 


N JFET 


2N4340 


UC755 


N JFET 


2N4341 


UC756 


N JFET 


2N4340 


UC805 


P JFET 


2N3331 


UC807 


N JFET 


2N4860 


UC814 


P JFET 


2N3331 


UC851 


P JFET 


2N2608 


UC853 


P JFET 


2N2608 


UC854 


P JFET 


2N2608 


UC855 


P JFET 


2N2609 


UC1700 


P MOS ENH 


3N163 


UC1764 


P MOS ENH 


3N163 



Data 
Sheet 
Page 



Geometry 
Page 



industry 
Part Number 



Type and 
Classification 



Recommended 



Data 
Sheet 
Page 



Geometry 
Page 



UC2130 


D N JFET 


2N5452 


1 1 H 1 H 11 


N JFET 


2N3955 




D N JFET 




i ini ic 


D N JFET 


i hi on c 7 


\J\jC I JO 


D N JFET 




UC2139 


D N JFET 


2N3958 


UC2147 


D N JFET 


2N3958 


UC2148 


D N JFET 


2N3958 


UC2149 


D N JFET 


2N3958 


VCR2N 


N JFET 


VCR2N 


VCR3P 


P JFET 


VCR3P 


VCR4N 


N JFET 


VCR4N 


VCR5P 


P JFET 


VCR5P 


VCR6P 


P JFET 


2N5116 


VCR7N 


N JFET 


VCR7N 


VCR11N 


N JFET 


VCR11N 


WK5457 


N JFET 


2N5457 


WK5458 


N JFET 


2N5458 


WK5459 


N JFET 


2N5459 



o 

« 
O 



co 



E 

CO 



rr 



CO 
M 

E 
CO 
CN4 



0) 

*-> 

o 
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Introduction 
N-/P-Channel 
Multi-Channel 
Design Curves 

RF 

Application Notes 
Analog Switch 

Worldwide Sales Offices 



mm 



Siliconix 



Analog Switches Selector Guide 



Application 


Feature of 
Application 


Important 
Parameters 


Major 
Tradeoffs 


Suggested Switches 




1) Low Power 


Low Supply 
Current 




CMOS DG304-DG308, DG304A, 
DG307A, DG309 

DG300-DG303, DG381-DG390, 
DG300A-DG303A, DG381A-DG390A 


Battery Operated 
or Battery Back- 
up Supply 


2) Minimum Number 
of Power Supplies 


Only One or Two 
Supplies Needed 




CMOS DG300-DG308A, 
DG300A-DG307A, DG309 

(Can Also Be Used As Single Supply) 
CMOS DG200, DG201, DG211, DG200A, 
DG201A, DG202, DG212 
(For MUX: DG506-DG509, 
DG506A-DG509A, DG528, DG529) 




3) Low Standby 
Power 


Low Standby 
Current 




CMOS DG304-DG308A, DG211, 
DG304A-DG307A, DG309, DG212 




1) Low Signal 
Distortion 


Low r D S(on); 
Constant ros(on) 


JFET is Constant, 
r DS(on>; Signal 
Range Limited 
Toward Negative 
Supply; 

CMOS Slight ros(on) 
Variation, Full Signal 
Range 


JFET DG180-DG191 

CMOS DG300-DG308A, DG381-DG390, 
DG300A-DG307A, DG309, 
DG381A-DG390A, DG5040-DG5045 
DG243 (Make-Before-Break) 




2) Low Noise 
(Channel) 


Low r DS (on) 




CMOS DG300-DG308A, DG381-DG390, 

DG300A-DG307A, DG309, 

DG381A-DG390A, DG5040-DG5045, 

DG243 
JFET DG180-DG191 


Audio 


3) Wide Signal 
Range 


±15V Signal 
Range 




CMOS DG300-DG308, DG381-DG390. 
DG300A-DG307A, DG309, 
DG381A-DG390A, DG 5040- DG 5045, 
DG243 

CMOS DG200, DG200A, DG201, 
DG201A, DG202, DG211, DG212 
(MUX: DG506-DG509, DG506A- 
DG509A, DG528, DG529) 






Signal Range is 
From the Positive 
Supply to Above 
the Negative 
Supply 


Higher ros(on) 
(Must Stay Above 
Negative Supply By 
5Vto 7.5 V) 


JFET (75S) DG182, DG185, DG188, 
DG191 

(10S, 302) Remainder of 
DG181-DG190 Family 




4) Large Dynamic 
Range 


Wide Signal 
Range and Low 
Thermocouple 
Noise 




CMOS DG304-DG308A, 
DG304A-DG307A, DG309 

DG300-DG303, DG381-DG390, DG211, 
DG300A-DG303A, DG381A-DG390A, 
DG212 


Video 

(High Frequency) 


1) High OFF 
Impedance, Small 
Feedthrough of 
Signal 


High OFF 
Isolation 


Higher r DS ( n) 


JFET (30Q, 75Q) DG181, DG182, DG184, 
DG185, DG187, DG188, DG190, DG191 

CMOS DG200, DG201, DG211, DG200A, 
DG201A, DG202, DG212 

CMOS DG300-DG308A, DG381-DG390, 
DG300A-DG307A, DG309, DG381A- 
DG390A, DG5040-DG5045, DG243 


2) Good Impedance 
Matching, 
Minimum Signal 
Drop Across 
Switch 


Low r DS (on) 


Lower OFF Isolation 


JFET (10O) DG180, DG183, DG186, 
DG189 

(30Q) DG181, DG184, DG187, 
DG190 

CMOS DG300-DG308A, DG211 
DG300A-DG307A, DG309, DG212 



Bold Print = Recommended for the application 
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Siliconix 



Analog Switches Selector Guide (Confd) 



Application 


Feature of 
Application 


Important 
Parameters 


Major 
i ra aeons 


Suggested Switches 




1) Low Droop Rate 


Low Leakage 


Higher ON 
Resistance 


CMOS DG300A-DG307A, DG300, DG309 

DG381A-DG390A 
CMOS DG300-DG308A, DG381-DG390. 

DGS040-DG5045 

JFET DG180-DG191 
CMOS DG200, DG201, DG211, DG200A, 
DG201A, DG202, DG212 


Sample and Hold 


2) Low Sample to 
Hold Offset 


Low Charge 
Coupling 


Higher ON 
Resistance 


CMOS DG200A, DG201A, DG202, 
DG212 

CMOS DG200, DG201, DG211 

JFETDG181,DG182 

(30Q, 75Q) DG184, DG185, 
DG187, DG188, DG190, DG191 

CMOS DG300-DG308A, 
DG300A-DG307A, DG309 




3) Fast Acquisition 
Speed 


Low ON 
Resistance 


Higher Leakage 
Higher Charge 
Coupling 


JFET (102) DG180, DG183, DG186, 
DG189 

(300, 75S) Remainder of DG181- 
DG191 Family 
CMOS DG300-DG307, DG381-DG390, 
DG300A-DG307A 

ync rtfonn nroni nr*oii nr*no 
CMOS DG381A-DG390A, DG200A, 
DG201A, DG202 


Switching to High 


1) Low Error Voltage 


Low Leakage 




CMOS DG300A-DG307A, 
DG381A-DG390A 

CMOS DG300-DG307, UG381-DG390, 
DGS040-DG5045, DG200-DG201, 
DG211, DG200A, DG201A, DG212 


Impedance Inputs 


2) Low Switching 
Transient Error 
Voltage 


Low Charge 
Coupling 




CMOS DG200A, DG201A, DG202, 
DG212 

CMOS DG20C, DG201, DG211 

DG300A-DG307A, DG381 A-DG390A 


Low Cost 


1) Best Performance 
for Lowest Cost 


Monolithic 
Good Switch 
Performance 




CMOS DG211, DG212, DG303, DG309, 
DG308A, DG300-DG307, DG5040-DG5045 

DG200, DG201, DG381-DG390, 
DG200A, DG201A, DG202, 
DG300A-DG307A, DG243, 
DG381A-DG390A 


Military System 


1) Hl-Rel Specified 






BS9000 

JM38510/XXXXX 


Differential Signal 
Switching 


1) Good Matching of 
Switch 
Parameters 


Monolithic Switch 




CMOS DG300, DG302, DG303, DG304, 
DG243, DG306, DG307, DG308A, 
DG381, DG384, DG390, DG309 

CMOS DG200, DG201, DG211, 

r— c r\ a n r\^CAjc r~\/~^ ^j/\a a r~\/~* ono A 

DG5040-DGOU4D, DG300A, DG302A, 
DG303A, DG304A, DG306A, DG307A, 
DG309, DG381A, DG384A, DG390A, 
DG200A, DG207A, DG202, DG212 


2) Low Thermo- 
Voltage 


Drain and Source 
or rci owiicn in 
Close Proximity 
on Small Chip 


JFET Switches Not 
Monolithic 


JFET DG183, DG184, DG185. 






Low Power Dissi- 
pation on Switch 
Driver 




CMOS DG304, DG306, DG307, DG308A 
DG304A, DG309 

DG300-DG303, DG300A-DG303A, 
DG306A, DG307A, DG381-DG390, 
DG381A-DG390A, DG309 



Bold Print = Recommended for the application 
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7-33 



Application 


radium ui 

Application 


Parameters 


Tradeoffs 






1) Low Noise 
(Channel) 


Low r DS ( n) 


Higher Leakages 


J FET (102) DG180, DG183, DG186, 
DG189 

(30Q, 75Q) Remainder of 
DG181-DG191 Family 




2) Low Charge 
Coupling 






CMOS DG300A-DG307A, DG309, 
DG381A-DG390A. DG212, DG308A 

CMOS DG300-DG308, DG381-DG390, 
DG211 


Small Signal 
«1V) 


3) High Impedance 
Inputs of Load 


Low Leakage 


Higher r DS ( n) 


CMOS DG300-DG308A, DG381-DG390. 
DG211, DG5040-DG5045, DG243, DG309 

DG200-DG201 
JFET DG181, DG182, DG184, DG185, 

DG187, DG188, DG190, DG191 
CMOS DG300A-DG307A, DG309, 

DG381A-DG390A, DG212 




4) Low Thermo- 
couple Offset 
Voltage 


Low Power Switch 




CMOS DG304-DG307, 
DG304A-DG307A, DG381A-DG390A 

DG300-DG303, DG381-DG390, 
DG300A-DG303A 




Drain and Source 
of FET Switch in 
Close Proximity 
on Small Chip 




JFET DG180-DG190 Family 




1) Break-Before- 
Make Switching 


t on is Greater 
Than t of f 




CMOS DG506, DG506A, DG507, 
DGS07A, DG508, DG508A, DG509, 
DG509A, DG528, DG529 (Latchable) 




2) Binary Controlled 
Logic Inputs 


Binary Decoding 
Stage on Chip 




PMOS DG501, DG503 


Multiplexing 


3) Differential Multi- 
plexing 


Dual Switching 
Action 




CMOS DG507, DG509, DG507A, 
DG509A, DG529 




4) D/A Conversion 

- 


Binary Weighted 
ON Resistance 
and Channel 
Resistance to 
Minimize Error 




NMOS DG515, DG516 



Bold Print = Recommended for the application 
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Siliconix 



Analog Switches 



Bask 

Part 

No. 



Switch 
Type 



Analog 
Voltage 
Range 

{VI 
(Note 41 



101 
I Note 41 



Switching 
DIoH] Time 
InAI l.secl 

'ON "OFF 



Opt. Supply Voltage 
Logic Levels IVI 

IVI It I (-1 Logic Ref. 

V INL V INH Su P Su P Su P Su P 
V + V- V L V R 



Switch Configuration 



SINGLE CHANNEL SPST 



TTL Compatibk* 



1 SPST Switch per Package 



TWO CHANNEL SPST 



| 

if 



DG180 


N-JFET 


♦ 10 to 


-12.5 


10 


10 


0.3 


0.25 


o.e 


2.0 


10 


-20 


5 





Break-Before-Make 






+ 10 to 


-7.5 


10 


10 


0.3 


026 


o.e 


2.0 


15 


-15 


5 





15 V Supplies 


DG181 


N-JFET 


+ 10 to 


-12 5 


30 


1 


0.15 


0.13 


OS 


2.0 


10 


-20 


5 





Break-Before-Make 






+ 10 to 


-7.5 


30 


1 


0.15 


0.13 


8 


2.0 


15 


-15 


5 





15 V Supplies JAN/11101 


DG182 


N-JFET 


* 10 to 


-15 


75 


1 


0.25 


0.13 


0.8 


2.0 


to 


-20 


5 





Break Before Make 






+ 10 to 


-10 


75 


1 


0.25 


0.13 


08 


2.0 


15 


-15 


S 





15 V Supplies JAN/11102 


DG200 


CMOS 


+ 15 to 


- 15 


70 


2 


1.0 


0.5 


08 


2.4 


15 


-15 




(Note 3} 


JAN/12303 


DG200A 


Plus 40 CMOS 


+ 15 to 


- 15 


70 


1 


1.0 


0.5 


0.8 


2.4 


15 


-15 






TTL In 


DG281 


N-JFET 


+ 15 to 


- 15 


300 


0.2 


0.15 


0.13 


0.8 


2.0 


15 


-15 


5 





Low Charge Injection 


DG300 


CMOS 


+ 15 to 


-15 


50 




0.3 


0.25 


08 


4.0 


15 


-15 






Low Power, TTL In JAN/11601 


OG300A 


Plus 40 CMOS 


t 15 to 


- 15 


50 


1 


0.3 


025 


0.8 


4.0 


15 


-15 






Low Power, TTL In 


DG304 


CMOS 


+ 15 to 


- 15 


50 


1 


0.25 


0.15 


3.5 


11.0 


IS 


-15 






Low Power. CMOS In JAN/116 


DG304A 


Plus 40 CMOS 


t 15 to 


-15 


50 


1 


0.25 


0.15 


3.5 


11.0 


15 


-15 






Low Power, CMOS In 


OG381 


CMOS 


+ 15 to 


- 15 


50 


1 


0.3 


0.25 


0.8 


4.0 


15 


-15' 






Low Power, DG181 Pin Oul 


DG381A 


Plus 40 CMOS 


■ 15 to 


- 15 


50 


1 


0.3 


0.25 


0.8 


4.0 


15 


-15 






Low Powei, DG181 Pin Out 


DG5041 


Plus 40 CMOS 


+ 15 to 


- 15 


50 


1 


1.0 


0.5 


0.8 


2.0 


15 


-15 


5 




TTL Compatible 



2 SPST Switches per Package 



FOUR CHANNEL SPST 



DG201 


CMOS 


+ 15 to 


- 15 


175 


1 


1.0 


0.5 


0.8 


2.4 


15 


-15 




I Note 31 


JAN/12304 


DG201A 


Plus 40 CMOS 


+ 15 to 


- 15 


176 




1.0 


0.5 


0.8 


2.4 


15 


-15 






TTL In 


DG202 


Plus 40 CMOS 


+ 15 to 


- 15 


175 




1.0 


0.5 


0.8 


2.4 


15 


-15 






TTL In 


DG211 


Plus 40 CMOS 


+ 15 to 


- 15 


175 


5 


0.5 


0.4 


0.8 


2.4 


15 


-15 


5 




Low Cost, TTL In 


DG212 


Plus 40 CMOS 


» 15 to 


-15 


175 


5 


0.6 


0.45 


0.8 


2.4 


16 


-15 


5* 




Low Cost, TTL In 


DG308A 


Plus 40 CMOS 


+ 15. to 


-15 


100 


1 


0.2 


0.15 


3.5 


11.0 


15 


-15 






Low Cost CMOS In 


DG309 


Plus 40 CMOS 


+ 15 to 


-15 


100 


5 


0.2 


0.15 


3.5 


110 


15 


- 15 






Low Cost CMOS In 
















ONE CHANNEL SPDT 












DG186 


N-JFET 


+ 10 10 


- 12.5 


10 


10 


0.3 


0.25 


0.8 


2.0 


10 


-20 


5 





Break-Before-Make 




N-JFET 


• 15 to 


-7.5 


10 


10 


0.3 


0.25 


0.8 


2.0 


15 


-15 


5 





15 V Supplies 


DG1B7 


N-JFET 


• 10 to 


-12.5 


30 




15 


0.13 


0.8 


2.0 


10 


-20 


6 





Sreak-Before-Make 




N-JFET 


+ 15 to 


-7.5 


30 




0.15 


0.13 


0.8 


2.0 


15 


-15 


5 





15 V Supplies JAN/11105 


OG1B8 


N-JFET 


+ 10 to 


-15 


75 




025 


0.13 


0.8 


2.0 


10 


-20 


5 





Break-Before-Make 




N-JFET 


* 15 to 


- 10 


75 




0.25 


0.13 


0.8 


2.0 


15 


-15 ' 


S 





15 V Supplies JAN/11106 


DG287 


N-JFET 


+ 15 to 


-7.5 


300 


0.2 


0.15 


0.13 


0.8 


2.0 


15 


-15. 


5 





Break-Before-Make 


DG301 


CMOS 


+ 15 to 


- 15 


50 




0.3 


0.25 


0.8 


4.0 


15 


-15 






Low Power, TTL In JAN/11602 


DG301A 


Plus 40 CMOS 


+ 15 to 


- 15 


50 




0.3 


0.25 


0.8 


4.0 


15 


-15 






Low Power, TTL In 


DG305 


CMOS 


+ 15 to 


- 15 


50 




0.25 


0.15 


3.5 


11.0 


15 


-15 






Low Power, CMOS In JAN/ 1 1605 


DG305A 


Plus 40 CMOS 


- 15 to 


- 15 


50 




0.25 


0.15 


3.5 


11.0 


16 


-15 






Low Power. CMOS In 


DG387 


CMOS 


t 15 to 


- 15 


50 




0.3 


0.25 


0.8 


4.0 


16 


-15 






Low Power. DG187 Pin Out 


DG3B7A 


Plus 40 CMOS 


• 15 to 


- 15 


50 




0.3 


0.25 


0.8 


4.0 


16 


- 15 






Low Power, DG187 Pin Oul 


DG5042 


Plus 40 CMOS 


( 15 to 


- 15 


50 




1.0 


0.5 


0.8 


4,0 


15 


- 15 


5 




TTL Compatible 


NOTES: 



4 SPST Switches per Package 




1 SPST Switch per Package 

o cr-f"»— o 



1 . The devices shown in boldface are recommended pans for new designs. 

2. The appropriate switching characteristic for multiplexers is 'TRANSITION' no ' 'ON' 'OFF- 

3 Vr e f - 1 .5 V is used when supply voltages < ± 15 V are used. Not needed when supply voltages of 1 15 are used. 

4. Analog voltage range is a function of supply voltages. Where a FET switch is PMOS or CMOS. r DS is also a function of Supply Voltage and Analog Voltage. See individual data sheets for more detail. Values 
shown are for temperature suffix A. 

5, Device normally operates with resistor to + 10 V. 
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Preferred Product Selector Guide 



Analog Switches (Cont'd) 



Basic 
Pan 

No. 
(Note 1) 



Switch 
Type 



Analog 
Voltage 



IVI 
INote 41 



101 
INote 41 



Switching 
Dloffl Time 
In A) l„secl 

'ON "OFF 



Opt. Supply Voltage 



1 + ) 
Sup. 



1-) 
Sup. 



Logic Ref. 
Sup. Sup. 



Switch Configuration 



TWO CHANNEL SPDT 



DG139 


N JFET 


* 10 to 


-12.5 


10 


10 


03 


0.25 


0.8 


2.0 


10 


-20 


5 





Break Before-Make 




N-JFET 


+ 15 to 


-7.5 


10 


10 


0.3 


0.25 


0.8 


2.0 


15 


-16 


5 





15 V Supplies 


OG190 


N-JFET 


+ 10 to 


-12.5 


30 




0.15 


0.13 


0.8 


2.0 


10 


-20 


S 


0" 


Break-Betore-Make JAN/11107 




N-JFET 


+ 16 to 


-7.5 


30 




0.15 


0.13 


0.8 


2.0 


15 


-15 


5 





15 V Supplies 


DG191 


N JFET 


+ 10 to 


-16 


75 


1 


0.25 


0.13 


0.8 


2.0 


10 


-20 


5 





Break-Betore-Make JAN/11108 




N-JFET 


+ 15 to 


-10 


75 


1 


0.25 


0.13 


0.8 


2.0 


15 


-16 


5 





15 V Supplies 


DG243 


Plus 40 CMOS 


+ 1510 


-15 


50 


1 


0.5 


1.0 


0.8 


2.0 


15 


- 15 


5 




Make-Belore-Break IDG191 Pin Out) 


DG290 


N-JFET 


+ 15 to 


-7 5 


300 


0.2 


0.15 


0.13 


0.8 


2.0 


15 


-15 


5 





Break-Before Make 


DG303 


CMOS 


+ 15 to 


-15 


SO 


1 


0.3 


0.25 


0.8 


4.0 


15 


-16 






Low Power. TTL In JAN/11604 
Low Power. TTL In 


DG303A 


Plus 40 CMOS 


+ 15 to 


-15 


50 


1 


0.3 


0.25 


0.8 


4.0 


15 


- 16 






DG307 


CMOS 


+ 15 to 


-15 


50 


1 


0.25 


0.15 


3.5 


11.0 


15 


-15 






Low Power. CMOS In JAN/11608 


DG307A 


Plus 40 CMOS 


+ 15 to 


-15 


50 


1 


0.25 


0.15 


3.5 


11.0 


15 


-16 






Low Power, CMOS In 


DG390 


CMOS 


+ 15 to 


-15 


50 


1 


0.3 


0.25 


0.8 


4.0 


15 


-15 






Low Power, DGI90 Pin Out 


DG390A 


Plus 40 CMOS 


+ 15 to 


-15 


50 


1 


0.3 


0.25 


0.8 


4.0 


15 


-15 






Low Power, DG190 Pin Out 


DG5043 


Plus 40 CMOS 


+ 15 to 


-15 


50 


1 


1.0 


0.5 


0.8 


20 


15 


-15 


6 







ONE CHANNEL DPST 



1 DPST Switch per Package 



TWO CHANNEL DPST 



DG183 


N-JFET 


1 10 to 


-12.5 


10 


10 


0.3 


0.25 


0.8 


2.0 


10 


-20 


5 





Break-Before-Make 




N JFET 


+ 15 to 


-7.5 


10 


10 


0.3 


0.25 


0.8 


2.0 


15 


-15 


5 





t5 V Supplies 


DG184 


N-JFET 


+ 10 to 


-12.5 


30 




0.15 


0.13 


0.8 


2.0 


10 


-20 


5 





Break-Before-Make 




N-JFET 


+ 15 to 


-7.5 


30 




0.15 


0.13 


0.8 


2.0 


15 


-15 


S 





15 V Supplies 


DG185 


N JFET 


+ 10 to 


-15 


76 




0.25 


0.13 


0.8 


2.0 


10 


-20 


5 





Break-Before-Make 




N-JFET 


+ 15 to 


-10 


75 




0.25 


0.13 


0.8 


2.0 


15 


-15 


5 





15 V Supplies 


DG284 


N-JFET 


+ 1510 


-7.5 


300 


0.2 


0.15 


0.13 


0.8 


2.0 


15 


- 15 


5 





Break-Before-Make 


DG302 


CMOS 


+ 15 to 


-15 


50 




0.3 


0.25 


0.8 


4.0 


15 


-15 






Low Power, TTL In 


DG302A 


Plus 40 CMOS 


+ 15 to 


-15 


50 




0.3 


0.25 


0.8 


4.0 


15 


15 






Low Power, TTL In 


DG306 


CMOS 


+ 15 to 


- 15 


50 




0.25 


0.15 


3.5 


11.0 


15 


-16 






Low Power. CMOS In 


DG306A 


Plus 40 CMOS 


+ 15 to 


-15 


50 




0.25 


0.15 


3.5 


11.0 


15 


-15 






Low Power, CMOS In 


DG384 


CMOS 


+ 15 to 


-15 


50 




0.3 


0.25 


0.8 


4.0 


15 


-15 






Low Power. DG184 Pin Out 


DG384A 


Plus 40 CMOS 


+ 15 to 


-15 


60 




0.3 


0.25 


o.e 


4.0 


15 


-16 






Low Power, DG1B4 Pin Out 



DG5045 


Plus 40 CMOS 


+ 15 to 


-15 


50 




1.0 


0.5 


0.8 


2.0 


15 


-15 


5 




NOTES; 































2 DPST Switch., par Package 







v designs. 



1 . The devices shown in boldface are recommended parts for n 

2. The appropriate switching characteristic for multiplexers is 'TRANSITION' not { ON- 'OFF 

3. Vref= 15 v ' s used when supply voltages < ± 15 V are used. Not needed when supply voltages of ± 15 are used. 

4. Analog voltage range is a function of supply voltages. Where a FET switch is PMOS or CMOS, r DS is also a function of Supply Voltage and Analog Voltage. See individual data sheets for more detail. Values 
shown are for temperature suffix A. 

5. Device normally operates with resistor to + 10 V. 



Multiplexers with Input Latches 



Basic 
Part 

No. 



Process 
Type 





Analog 
Voltage 
Range 

IVI 
INote 41 



'DSIonl 
Max 



101 
INote 41 



Transition 
Time 
Ifxsec) 
INote 21 



Logic Levels 
IV) 

V INL V INH 



Supply Voltage 

IVI 

(+1 l-l 
Sup. Sup. 
V+ V- 



EIGHT CHANNEL MUX + ENABLE 



DQ601 PMOS +5 to -5 

DG603 PMOS + 10 to - 10 

DG608A Plus 40 CMOS + 10 to - 15 



DGS28 



Plus 40 CMOS +15 to - 15 



150-240 
150-800 

400 

400 



10 
10 



1.5 
1.5 
1.0 
1.0 



0.6 

0.6 
0.8 
0.8 



3.5 
8.5 
2.4 
2.4 



5 
10 
15 
+ 15 



-20 
-20 
-15 
-15 



Logic Pullup Resistors 



Break-Before-Make 
Latches On Inputs 



SIXTEEN CHANNEL MUX + ENABLE 



Plus 40 CMOS 



Break Before-Make 



FOUR CHANNEL DIFFERENTIAL MUX + ENABLE 



DG509A Plus 40 CMOS + 15 to - 16 
DG529 Plus 40 CMOS + 15 to - 15 



400 
400 



10 
10 



1.0 
1.0 



2.4 
2.4 



15 
15 



- 15 
15 



Break-Before-Make 
Latches On Inputs 



Plus 40 CMOS + 15 to - 15 400 



EIGHT CHANNEL DIFFERENTIAL MUX + ENABLE 



1.0 



Break-Before-Make 



Switch Configurations 



Multiplexer 



Differential Multiplexer 




1. !■ Ic I. 



I* !• lc 



8-Channel 



NOTES: 

1 . The devices shown in boldface are recommended parts for new designs. 

2. The appropriate switching characteristic for multiplexers is tTRANSITtON- not *ON' l 0FF- 

3. V REF = 1 .5 V is used when supply voltages < ± 15 V are used. Not needed when supply voltages of ± 15 are used. 

4. Analog voltage range is a function of supply voltages. Where a FET switch is PMOS or CMOS, r DS is also a function of Supply Voltage and Analog Voltage. See 
detail. Values shown are for temperature suffix A. 

5. Device normally operates with resistor to + 10 V. 



individual data sheets for more 



D 



Basic 




r DS(on) 


Analog 






Logic 






Opt. Sup. Voltage 




Part 




Voltage 


Switching 






(+) 


(V) 


Logic 




No. 




Max. 


Range 


Time 


Input 


Logic Levels 


(-) 




(Notes 


Switch 


(0) 


(p-pV) 




0<s) 


for ON 


(V) 


Sup. 


Sup. 


Sup. 


Comments 


1 & 2) 


Type 


(Note 3) 


(Note 3) 


'ON 


•OFF 


Switch 


VlNL 


V|NH 


V1 


V2 


V| 


One Cr 


annel ! 


5PST 


DG5040 


CMOS 


50 


30 


1.0 


0.5 


1 


0.8 


2.0 


15 


-15 


5 






Plus-40 
























Two Cr 


annel SPST 


DGM111 


PMOS 


75-200 


20 


0.3 


1.0 





0.5 


4.6 


10 


-20 


5 




DG133 


N-JFET 


30 


20 


0.6 


1.6 




0.8 


2.5 


12 


-18 




Can nrliPi 


DG134 


N-JFET 


80 


20 


0.6 


1.6 




0.8 


2.5 


12 


-18 






DG141 


N-JFET 


10 


20 


1.0 


2.5 




0.8 


2.5 


12 


-18 




oee uu itsu 


DG151 


N-JFET 


15 


15 


1.0 


2.5 




0.8 


2.5 


15 


-15 




oee Uuiou 


DG152 


N-JFET 


50 


15 


0.8 


1.6 


1 


0.8 


2.5 


15 


-15 


— 


See DG181 


SG180 


N-JFET 


10 


20 


0.3 


0.25 





0.8 


2.0 


10 


-20 


5 


Break-Before-Make 






10 


15 


0.3 


0.25 





0.8 


2.0 


15 


-15 


5 


15 V Supplies 


*DG181 


N-JFET 


30 


20 


0.15 


0.13 





0.8 


2.0 


10 


-20 


5 


Break-Before-Make 






30 


15 


0.15 


0.13 





0.8 


2.0 


15 


-15 


5 


15V Supplies 


•DG182 


N-JFET 


75 


20 


0.25 


0.13 





0.8 


2.0 


10 


-20 


5 


Break-Before-Make 






75 


20 


0.25 


0.13 





0.8 


2.0 


15 


-15 


5 


15V Supplies 


DG200 


CMOS 


70 


30 


1.0 


0.5 





0.8 


2.4 


15 


-15 






•DG200A 


CMOS 


70 


30 


1.0 


0.5 





0.8 


2.4 


15 


-15 








Plus-40 
























DG281 


N-JFET 


300 


20 


0.15 


0.13 





0.8 


2.0 


15 


-15 


5 


Break-Before-Make 


•DG300 


CMOS 


50 


30 


0.300 


0.250 


1 


0.8 


4.0 


15 


-15 






•DG381 


CMOS 


50 


30 


0.300 


0.250 





0.8 


4.0 


15 


-15 






•DG304 


CMOS 


50 


30 


0.250 


0.150 


1 


3.5 


11.0 


15 


-15 




CMOS compatible 


•DG5041 


CMOS 


50 


30 


1.0 


0.5 


1 


0.8 


2.0 


15 


-15 


5 


Break-Before-Make 




Plus-40 
























Four Channel SPST 


•DG172 


PMOS 


150-450 


20 


0.3 


0.75 





0.8 


2.0 


10 


-20 


5 




DG201 


CMOS 


175 


30 


1.0 


0.5 





0.8 


2.4 


15 


-15 






'DG201A 


CMOS 


175 


30 


0.6 


0.45 





0.8 


2.4 


15 


-15 








Plus-40 
























•DG202 


CMOS 


175 


30 


0.6 


0.45 


1 


0.8 


2.4 


15 


-15 








Plus-40 
























•DG211 


CMOS 


175 


30 


1.0 


0.5 





0.8 


2.4 


15 


-15 


5 






Plus-40 
























•DG212 


CMOS 


175 


30 


1.0 


0.5 


1 


0.8 


2.4 


15 


-15 


j 5 






Plus-40 
























•DG308A 


CMOS 
Plus-40 


100 


30 


0.2 


0.15 


1 


3.5 


11.0 


15 


-15 




Single Supply Operation 


•DG309 


CMOS 


100 


30 


0.2 


0.15 





3.5 


11.0 


15 


-15 




Single Supply Operation 




Plus-40 






















Five Channel SPST 


DG125 


PMOS 


100-450 


20 


0.3 


2.0 





0.5 


4.6 


10 


-20 






One Channel SPDT 


DG143 


N-JFET 


80 


20 


0.8 


1.6 


(Note 4) 


2.0 


3.0 


12 


-18 




See DG188 


OG144 


N-JFET 


30 


20 


0.8 


1.6 


(Note 4) 


2.0 


3.0 


12 


-18 




See DG187 


DG146 


N-JFET 


10 


20 


1.0 


2.5 


(Note 4) 


2.0 


3.0 


12 


-18 




See DG186 


DG161 


N-JFET 


15 


15 


1.0 


2.5 


(Note 4) 


2.0 


3.0 


15 


-15 




See DG186 


DG162 


N-JFET 


50 


15 


0.8 


1.6 


(Note 4) 


2.0 


3.0 


15 


-15 




See DG187 


DG186 


N-JFET 


10 


20 


0.3 


0.25 


(Note 5) 


0.8 


2.0 


10 


-20 


5 


Break-Before-Make 




N-JEFT 


10 


15 


0.3 


0.25 


(Note 5) 


0.8 


2.0 


15 


-15 


5 


15V Supplies 


•DG187 


N-JFET 


30 


20 


0.15 


0.13 


(Note 5) 


0.8 


2.0 


10 


-20 


5 


Break-Before-Make 




N-JFET 


30 


15 


0.15 


0.13 


(Note 5) 


0.8 


2.0 


15 


-15 


5 


15V Supplies 


•DG188 


N-JFET 


75 


20 


0.25 


0.13 


(Note 5) 


0.8 


2.0 


10 


-20 


5 


Break-Before-Make 




N-JFET 


75 


20 


0.25 


0.13 


(Note 5) 


0.8 


2.0 


15 


-15 


5 


15V Supplies 


DG287 


N-JFET 


300 


20 


0.15 


0.13 


(Note 5) 


0.8 


2.0 


15 


-15 


5 


Break-Before-Make 


•Devices recommended for n 


sw designs are indicated in bold lace 


type. 
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Analog Switches Product Information (cont'd) 



Drivers and Gates (Cont'd) 



Basic 
Part 
No. 
(Notes 
1 & 2) 


Switch 
Type 


r DS(on) 
Max. 
(«) 
(Note 3) 


Analog 
Voltage 
Range 
(P-pV) 
(Note 3) 


Switching 
Time 
<H«) 
tON »OFF 


Logic 
Input 
lor ON 
Switch 


Logic Levels 
(V) 

VlNL V| NH 


Opt. Sup. Voltage 
(V) 

( + ) (-) Logic 
Sup. Sup. Sup. 
V1 V 2 V, 


Comments 


One Channel SPDT (Cont'd) 




*DG301 
•DG387 
•DG305 

SI 3002 
•DG5042 


CMOS 
CMOS 
CMOS 
PMOS 
CMOS 
Plus-40 


50 
50 
50 
100-400 
50 


30 
30 
30 
20 
30 


0.300 0.250 
0.300 0.250 
0.250 0.150 
1.0 1.5 
1.0 0.5 


(Note 5) 
(Note 5) 
(Note 5) 
(Note 5) 
(Note 5) 


0.8 4.0 
0.8 4.0 
3.5 11.0 
0.8 2.0 
0.8 2.0 


15 -15 - 
15 -15 — 
15 -15 — 
10 -20 — 
15 -15 5 


CMOS compatible 
Same as HAD30021XX 
Break-Before-Make 


Two Channel SPDT 











DG189 

•DG190 

•DG191 

•DG243 

DG290 
•DG303 
•DG390 
•DG307 
•DG5043 



■JFET 
-JFET 
-JFET 
-JFET 
-JFET 
-JFET 
CMOS 
Plus-40 
N-JFET 
CMOS 
CMOS 
CMOS 
CMOS 
Plus-40 



10 
10 
30 
30 
75 
75 
50 

300 
50 
50 
50 
50 



20 
15 
20 
15 
20 
20 
30 

20 
30 
30 
30 
30 



0.3 

0.3 

0.15 

0.15 

0.25 

0.25 

1.0 

0.15 

0.300 

0.300 

0.250 

1.0 



0.25 
0.25 
0.13 
0.13 
0.13 
0.13 
0.5 

0.13 

0.250 

0.250 

0.150 

0.5 



(Note 5) 
(Note 5) 
(Note 5) 
(Note 5) 
(Note 5) 
(Note 5) 
(Note 5) 

(Note 5) 
(Note 5) 
(Note 5) 
(Note 5) 
(Note 5) 



0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 

0.8 
0.8 
0.8 
3.5 
0.8 



2.0 

2.0 
2.0 
2.0 
2.0 
2.0 
2.0 

2.0 
4.0 
4.0 
11.0 
2.0 



10 
15 
10 
15 
10 
15 
15 

15 
15 
15 
15 
15 



-20 
-15 
-20 

-15 
-15 

-15 
-15 
-15 
-15 
-15 



Break-Before-Make 
15V Supplies 
Break-Before-Make 
15V Supplies 
Break-Before-Make 
15V Supplies 
Make-Before-Break 

Break-Before-Make 



CMOS compatible 
Break-Before-Make 



One Channel DPST 



•DG5044 CMOS 50 
Plus-40 



30 



1.0 



0.5 



(Note 5) 



0.8 



2.0 



15 



-15 



Break-Before-Make 



Two Channel DPST 



DG126 


N-JFET 


80 


20 


0.6 


1.6 


1 


0.8 


2.5 


12 


-18 




See DG185 


DG129 


N-JFET 


30 


20 


0.6 


1.6 


1 


0.8 


2.5 


12 


-18 




See DG184 


DG140 


N-JFET 


10 


20 


1.0 


2.5 


1 


0.8 


2.5 


12 


-18 




See DG183 


DG153 


N-JFET 


15 


15 


1.0 


2.5 


1 


0.8 


2.5 


15 


-15 




See DG183 


DG154 


N-JFET 


50 


15 


0.6 


1.6 


1 


0.8 


2.5 


15 


-15 




See DG185 


DG183 


N-JFET 


10 


20 


0.3 


0.25 


1 


0.8 


2.0 


10 


-20 


5 


Break-Before-Make 


N-JFET 


10 


15 


0.3 


0.25 


1 


0.8 


2.0 


15 


-15 


5 


15V Supplies 


•DG184 


N-JFET 


30 


20 


0.15 


0.13 


1 


0.8 


2.0 


10 


-20 


5 


Break-Before-Make 




N-JFET 


30 


15 


0.15 


0.13 


1 


0.8 


2.0 


15 


-15 


5 


15V Supplies 


*DG185 


N-JFET 


75 


20 


0.25 


0.13 


1 


0.8 


2.0 


10 


-20 


5 


Break-Before-Make 




N-JFET 


75 


20 


0.25 


0.13 


1 


0.8 


2.0 


15 


-15 


5 


15V Supplies 


DG284 


N-JFET 


300 


20 


0.15 


0.13 


1 


0.8 


2.0 


15 


-15 


5 


Break-Before-Make 


•DG302 


CMOS 


50 


30 


0.300 


0.250 


1 


0.8 


4.0 


15 


-15 






"DG384 


CMOS 


50 


30 


0.300 


0.250 


1 


0.8 


4.0 


15 


-15 






•DG306 


CMOS 


50 


30 


0.250 


0.150 


1 


3.5 


11.0 


15 


-15 




CMOS compatible 


•DG5045 


CMOS 


50 


30 


1.0 


0.5 


1 


0.8 


2.0 


15 


-15 


5 


Break-Before-Make 




Plus-40 
























One Channel DPDT 


DG139 


N-JFET 


30 


20 


0.8 


1.6 


(Note 4) 


2.0 


3.0 


12 


-18 




See DG191 


DG142 


N-JFET 


80 


20 


0.8 


1.6 


(Note 4) 


2.0 


3.0 


12 


-18 




See DG190 


DG145 


N-JFET 


10 


20 


1.0 


2.5 


(Note 4) 


2.0 


3.0 


12 


-18 




See DG189 


DG163 


N-JFET 


15 


15 


1.0 


2.5 


(Note 4) 


2.0 


3.0 


15 


-15 




See DG189 


DG164 


N-JFET 


50 


15 


0.8 


1.6 


(Note 4) 


2.0 


3.0 


15 


-15 




See DG191 


Eight Channel MUX + Enable 


DG501 


PMOS 


150-250 


10 


1.5 


(Note 8) 


(Note 7) 


0.6 


3.5 


5 


-20 




Logic Pullup Resistors 


DG503 


PMOS 


150-800 


20 


1.5 


(Note 8) 


(Note 7) 


0.6 


8.5 


10 


-20 






DG508 


CMOS 


400 


30 


1.0 


(Note 8) 


(Note 7) 


0.8 


2.4 


15 


-15 







"Devices recommended for new designs are indicated in bold face type. 



Analog Switches Product Information (Cont'd) 



Drivers and Gates (Cont'd) 



Basic 
Part 
No. 
(Notes 
1 & 2) 



Switch 
Type 



r DS(on) 
Max. 
(2) 
(Note 3) 



Analog 
Voltage 
Range 
(P-pV) 
(Note 3) 



Switching 
Time 
(us) 
'ON «OFF 



Logic 
Input 
for ON 
Switch 



Logic Levels 
(V) 

V INL V INH 



Opt. Sup. Voltage 
(V) 

( + ) (-) Logic 
Sup. Sup. Sup. 
V! V 2 V| 



Comments 



Eight Channel MUX + Enable (Cont'd) 



•DG508A 


CMOS 


400 


30 


1.0 


(Note 8) 


(Note 7) 


0.8 


2.4 


15 


-15 — 






Plus-40 






















•DG528 


CMOS 


400 


30 


1.0 


(Note 8) 


(Note 7) 


0.8 


2.4 


15 


-15 — 


With Input Latches 




Plus-40 






















SI 3705 


PMOS 


150-400 


10 


1.5 


(Note 8) 


(Note 7) 


0.6 


3.5 


5 


-20 — 


See DG501/NO Pullup 
























Resistors 


Sixteen Channel MUX + Enable 
















DG506 


CMOS 


400 


30 


1.0 


(Note 8) 


(Note 7) 


0.8 


2.4 


15 


-15 - 


Break-Before-Make 


•DG506A 


CMOS 


400 


30 


1.0 


(Note 8) 


(Note 7) 


0.8 


2.4 


15 


-15 - 






Plus-40 


















Four Channel Differential MUX 


DG509 


CMOS 


400 


30 


1.0 


(Note 8) 


(Note 7) 


0.8 


2.4 


15 


-15 - 


Break-Before-Make 


•DG509A 


CMOS 


400 


30 


1.0 


(Note 8) 


(Note 7) 


0.8 


2.4 


15 


-15 — 






Plus-40 




















•DG529 


CMOS 


400 


30 


1.0 


(Note 8) 


(Note 7) 


0.8 


2.4 


15 


-15 — 


With Input Latches 




Plus-40 




















Eight Channel Differential MUX + Enable 


DG507 


CMOS 


400 


30 


1.0 


(Note 8) 


(Note 7) 


0.8 


2.4 


15 


-15 - 


Break-Before-Make 


•DG507A 


CMOS 


400 


30 


1.0 


(Note 8) 


(Note 7) 


0.8 


2.4 


15 


-15 — 






Plus-40 



















Four Channel SPDT D/A Converter Summing Node Switches 



DG515 



NMOS 



See 
Com- 
ments 



0.120 0.170 



(Note 5) 



0.5 



7.5 



8.0 



R, =6.252, R 2 = 12.52, 
R 3 = 252, R 4 = 502 



Ten Channel SPDT D/A Converter Summing Node Switches 



DG516 



NMOS 



See 
Com- 



0.120 0.170 



(Note 5) 



0.5 7.5 



8.0 



- 



Rt =1002, R 2 = 20052 
R 3 = 4002, R 4 = 800Q 
R 5 =1600Q 

R 6 -iq = 32002 



Multiple FET Switches 



Siliconix P-Channel MOSFET & DMOS Switches are available for such applications as sequential switching (com- 
mutation), signal processing, modulation, and A-to-D conversion. The MOSFET is normally OFF. These devices are 
also available with Siliconix drivers in a single package. 



Basic 
Part 
Number 
(Note 2) 



Circuit Function 



Pull Up fDS Max - M IS(oft) V G S(th) 

Switch Type On Gate @Vs=+10V @Vs=-10V BVqss (nA) Min. Max. 



Cgs C(j s C s b 
Typ. 
(pF) 



Typ. Typ. 
(pF) (pF) 



G115 
G118 
G119 


6 
6 
6 


1 
1 
2 


6 
8 

3 


SP6T 
SP6T 


Yes 
No 


100 
100 
100 


450 
450 
450 


-30 
-30 
-30 


0.5 
0.5 
0.5 


-1.5 
-1.5 
-1.5 


-4.0 
-4.0 
-4.0 


0.9 
0.9 
1.8 


0.4 
0.4 
0.4 


2 
2 
2 


DP3T 


Yes 


G122 


4 


2 


2 


DPDT 


Yes 


100 


450 


-30 


0.5 


-1.5 


-4.0 


1.8 


0.4 


2 


G123 


4 


2 


4 


2 X SPDT 


Yes 


100 


450 


-30 


0.5 


-1.5 


-4.0 


1.8 


0.4 


2 


•SD5000 


4 


4 


4 


4 x SPST 


No 


50 




20 


10.0 


0.1 


2.0 


3.5 


0.5 


4 


'SD5001 


4 


4 


4 


4 X SPST 


No 


50 




10 


10.0 


0.1 


2.0 


3.5 


0.5 


4 


•SD5002 


4 


4 


4 


4 x SPST 


No 


50 




15 


10.0 


0.1 


2.0 


3.5 


0.5 


4 


•SD5200 


4 


4 


4 


4 x SPST 


No 


80 




30 


1000 


0.5 


2.0 


3.5 


0.5 


4 



Devices recommended for new designs are indicated in bold lace type. 



7-40 



Siliconix 



Drivers for MOS FET Switches 

These drivers were designed to function as a level shifter and buffer between low level logic and the control gate of FET 
analog switches. Output voltage ratings are as high as 50V. 



Basic 

Part 
Number 
(Note 2) 


I 

N 
P 

U 
T 

S 



U 
T 
P 
U 
T 
S 


Function 
and 
Uses 


ON Level 
VinimON-V-> 
at 
Rated 
Current(s) 


OFF Level 
V ( 0UT)0FF 
at 

Rated Current 
or 

l(OUT)(OFF) 
at 

Rated Voltage 


Input 
Logic 
for 

(low) 


VlNL 
(V) 


V|NH 
OlNH) 

(mA) 


Optimum Supply 

ImII ma 

VUl lay t? 

(V) 

Vi v 2 v u V R 


OWII^IIIMLJ 

Time (us) 
*ON *OFF 


D125 


6 


6 


Six Separate 

MOSFET- 

Drivers 


0.4V@5mA 


0.1mA@10V 





0.5 


4.6 


(Note 9) -20 5 — 


0.5 1.2 


D129 


7 


4 


Four Channel 
(BV = 50) 
MOSFET- 
Driver with 
Decode 


0.7V@10mA 


0.1nA@10V 


1 


0.7 


2.2 


(Note 9) -20 — — 


0.25 0.8 


*D169 


2 


4 


Dual High- 
Speed Drivers 
with Comple- 
mentary Out- 
puts designed 
to drive high- 
capacity 
loads. 


1.2V@1mA 
3.0V@40mA 


1.1 V@1mA 
2.5V@40mA 


Outputs 
Comple- 
ment 
Avail- 
able 

j 


0.8 
0.8 


2.0 
2.0 


15 -15 5 
15 -15 5 


*d+ t d - 

0.17 0.20 
0.17 0.20 



NOTES: 

(1) 'Devices recommended for new designs are indicated in bold face type. 

(2) See pages 7-26 through 7-28 for package and temperature designations for most products. 

(3) Analog voltage range is a function of supply voltages. Where a FET switch is PMOS or CMOS, r D s is also a function of Supply 
Voltage and Analog Voltage. See individual data sheets for more detail. 

(4) Input reference voltage of 2.5V is required (see data sheets). 

(5) See data sheet for switch state of differential switches. 

(6) Current Driven Device— l| NH = 1 mA. 

(7) For truth table see data sheet. 

(8) The appropriate switching characteristic for multiplexers is tjRANSlTlON. not *ON. *OFF- 

(9) Device normally operates with resistor— to +10V. 
(10) (C L = 35pF). 



■ 



Siliconix 



E 
o 



o 

■o 
o 

oZ 
O 



2 



3V 2 -Digit 
High 

Performance 


LD1107LD111A 

16-pin 

plastic DIPs 


±3 1 /2-Digit A/D Converter 
Accuracy 0.02% ±1 count 
Auto zero 
Auto polarity 
10(jV resolution 
Typical T.C. of 5 ppm/°C 
A usable 20mV scale 


Three voltage ranges: 1.999 V, 

199.9mV & 19.99mV 
Sampling rate up to 40 samples/s 
Differential input capability 
Over-range & under-range 

signals 
TTL compatible 


4V 2 -Digit 


LD120/121A 

16- & 18- pin 
plastic DIP 
respectively 


±4 1 /2-Digit A/D Converter 

Accuracy 0.005% ±1 count 

Auto zero 

Auto polarity 

TTL compatible 

Internal clock 

Linear to 28,500 counts 


Two voltage ranges: 2.0V & 

200.00 mV 
1 to 5 samples/s 
25% inter-digit blanking 
MUX BCD outputs 
0.5 count stability on 2.0V range 
Monolithic design 


4V 2 -Digit 


LD122/LD121A 

16- & 18- pin 
plastic DIP 
respectively 


±4 1 /2-Digit A/D Converter 
Accuracy 0.005% ±1 count 
1^V resolution for 20 mV FS 
Auto zero 
Auto polarity 
TTL compatibility 
Internal clock 
Linear to 28,500 counts 


MUX BCD outputs 

Two over-range outputs, under- 
range, blink inhibit and 
convert-on-command 
capability 

Interfaces to external circuitry 
and microprocessors 


Micropower Linears 


Triple 
Op Amp 


L144 

14-pin plastic, 
ceramic, flat- 
pack & Dice 


±1.5 to ±18V supply 
Programmable supply current 
Internally compensated 
0.4V/ns slew rate 


80dB gain with 20kQ load 
Drives large capacitive loads 
±30V differential input 
Monolithic construction 


Quad 

Comparator 


L161 

16-pin plastic, 
ceramic, flat- 
pack & Dice 




±1.5 to ±18V supply 
Single supply operation 
Programmable supply current 
3V/ms slew rate 


Gain greater than 20V/mV 
Sensing near ground 
+ 30V differential input 
CMOS Logic compatible 


Telecommunications Products 


Loop 

Disconnect 
Dialer 

(pulse dialer) 


DF320 

18-lead 
ceramic, 
plastic & 
CERDIP 




Operation from 2.5V to 5V 
supply 

Low standby power dissipation; 
3,iW 

Low dynamic power consump- 

ion; 600 M W 
On-chip oscillator for 3.579545 

MHz crystal 
Redial capability 
Hold capability delays impulsing 
Post-impulsing pause of 33 ms 
Mask during impulsing and inter- 
digit pause 
Selectable make-break ratio 
10, 16, 20, 932 Hz impulsing rates 
Inter-digital pause of 800 ms 
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LSI/Linear Product Information (Cont'd) 



Loop 

Disconnect 
Dialer 

(pulse dialer) 
(Cont'd) 


DF320A 




Same as DF320, except post- 
impulsing pause of 500ms 


DF322 




Same as DF320, except mask 
during impulsing only 


DF328 

16-lead plastic 




Same as DF320, except 10, 
932Hz impulsing rates 

No hold capability during 
impulsing 


Interface 


Four-digit 
MUX'd BCD 
to LCD Dis- 
play Driver 


DF412 

40-pin plastic 


Decodes MUX BCD to LCD 
4-Digit drive capability 
Low power consumption 
TTL, DTL, CMOS compatible 
Can be ganged to drive more 
than 4 digits 


7-segment LCD drive signals 

Drives large LCDs easily 

Can be clocked using an external 

oscillator 
Internal oscillator available 


Dual High- 
Voltage 
Driver 


D169 

14-pin DIP 


Designed to drive MOSPOWER 
Accepts TTL input 
High output drive; up to 36V 
Complementary outputs on each 
channel 
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Analog Switches JAN 3851 

Several Siliconix Analog Switches are available fully certified on the QPL (Qualified Parts List) published monthly by 
Defense Electronics Supply Center (DESC). The QPL numbers follow this format: JM38510/XXXXX. Refer to the cur- 
rent Siliconix Price List for available part types and order numbers. 



JAN Part Numbering System 
J M38510/ 111 07 B E C 



' ' T 




"JAN" Certification Mark 





Military Designator 



Detail Specification (Slash Sheet) 



/111— DG181 Series 
/116— DG300 Series 
/123-DG200 Series 
/190-DG506 Series 





Device Type 


/111 


01— DG181 05— DG187 

02— DG182 06-DG188 

03— DG184 07-DG190 

04— DG185 08— DG191 


/116 


01— DG300 05— DG304 

02— DG301 06— DG305 

03— DG302 07— DG306 

04— DG303 08— DG307 


/123 


01— DG200 02— DG201 



Lead Finish 



A— Solder dip 
B— Bright tin plate 
C— Gold Plate 



-T, 



Case Outline 



C— 14-Lead side braze 
E — 16-Lead side braze 
I — 10- Lead can 




Device Class 



S— Class S 
B— Class B 
C— Class C 



Part Number 


Order Part Number 


Generic Part Number 


JM38510/11101BCC 


SJM181 BCC 


DG181AP/883 


JM38510/11101BIC 


SJM181BIC 


DG181AA/883 


JM38510/11102BCC 


SJM182BCC 


DG182AP/883 


JM38510/11102BIC 


SJM182BIC 


DG182A A/883 


JM38510/11103BEC 


SJM183BEC 


DG184AP/883 


JM38510/11104BEC 


SJM185BEC 


DG185AP/883 


JM38510/11105BCC 


SJM187BCC 


DG187AP/883 


JM38510/11105BIC 


SJM187BIC 


DG187AA/883 


JM38510/11106BCC 


SJM188BCC 


DG188AP/883 


JM38510/11106BIC 


SJM188BIC 


DG188AA/883 


JM38510/11107BEC 


SJM190BEC 


DG190AP/883 


JM38510/11108BEC 


SJM191BEC 


DG191AP/883 


JM38510/11601BCC 


SJM300BCC 


DG300AP/883 


JM38510/11601BIC 


SJM300BIC 


DG300AA/883 


JM38510/11602BCC 


SJM301BCC 


DG301AP/883 


JM38510/11602BIC 


SJM301BIC 


DG301AA/883 


JM38510/11603BCC 


SJM302BCC 


DG302AP/883 


JM38510/11604BCC 


SJM303BCC 


DG303AP/883 


JM38510/11605BCC 


SJM304BCC 


DG304AP/883 


JM38510/11605BIC 


SJM304BIC 


DG304AA/883 


JM38510/11606BCC 


SJM305BCC 


DG305AP/883 


JM38510/11606BIC 


SJM305BIC 


DG305AA/883 


JM38510/11607BCC 


SJM306BCC 


DG306AP/883 


JM38510/11608BCC 


SJM307BCC 


DG307AP/883 


JM38510/12303BCC 


SJM200BCC 


DG200AP/883 


JM38510/12303BIC 


SJM200BIC 


DG200AA/883 


JM38510/12304BEC 


SJM201BEC 


DG201AP/883 



Siliconix 



Analog Switches 
BS9I 



III 



BS9000 Part Numbering System 



DG181 



BS S2 



Device Type Number~|- 



Temperature Range 



A-55°Cto 125°C 
B -20°C to 85°C 



Screening Level 



(Blank) Full assessment 



Q 

O 
(Q 

Sf 

■ji 

o 



o 
o 



S1 Screening level S1 



S2 Screening level S2 



S3 Screening level S3 



S4 Screening level S4 



BS 9000 Approval 



Package 



A Metal can 
P Dual-in-line 
R Dual-in-line 



Approved Parts 


Awaiting Approval* 


Generic Part No. 


Generic Part No. 


Generic Part No. 


DG126/ 


IBS 


DG180/ 


IBS 


DG281/ 


IBS 


DG129/ 


IBS 


DG181/ 


IBS 


DG284/ 


IBS 


DG133/ 


IBS 


DG182/ 


IBS 


DG287/ 


IBS 


DG134/ 


IBS 


DG183/ 


IBS 


DG290/ 


IBS 


DG139/ 


IBS 


DG184/ 


IBS 


DG300/ 


IBS 


DG140/ 


IBS 


DG185/ 


IBS 


DG301/ 


IBS 


DG141/ 


IBS 


DG186/ 


IBS 


DG302/ 


IBS 


DG142/ 


IBS 


DG187/ 


IBS 


DG303/ 


IBS 


DG143/ 


IBS 


DG188/ 


IBS 


DG304/ 


IBS 


DG144/ 


IBS 


DG189/ 


IBS 


DG305/ 


IBS 


DG145/ 


IBS 


DG190/ 


IBS 


DG306/ 


IBS 


DG146/ 


IBS 


DG191/ 


IBS 


DG307/ 


IBS 


DG151/ 


IBS 


DG200/ 


IBS 


DG308/ 


IBS 


DG152/ 


IBS 


DG201/ 


IBS 


DG381/ 


IBS 


DG153/ 


IBS 


DG501/ 


IBS 


DG384/ 


IBS 


DG154/ 


IBS 


DG503/ 


IBS 


DG387/ 


IBS 


DG161/ 


IBS 


DG506/ 


IBS 


DG390 


IBS 


DG162/ 


IBS 


DG507/ 


IBS 






DG163/ 


IBS 


DG508/ 


IBS 






DG164/ 


IBS 


DG509/ 


IBS 










SI3705/ 


IBS 







'Contact one of the Silixonix sales offices for latest information. 



Siliconix 



■ 



5 

■ 



Introduction 
N-/P-Channel 
Multi-Channel 
Desian Curves 



IV I 



Application Notes 
Process Option Flow Charts 

Worldwide Sales Offices 



Siliconix 



8 

& 

O 
O 



Process Option Flow 



The Process Option Flow Chart shows the standard screening options 
provided by Siliconix for Integrated Circuits 



Column 1: Denotes the screening process for MIL-883, Class B. To order a part screened to this option, add a "/883" 
following the package suffix letter. If Group B or C Quality Conformance is also required, call out as a 
separate line item. Parts in this classification are carried in inventory. 

Column 2: Is the screening procedure for military grade standard products ("A" temperature suffix). 

Column 3: Is the normal screening procedure for industrial and commercial grade products (B and C temperature suf- 
fixes). An industrial and commercial grade product (B and C temperature range) may be given a 160 hour 
burn-in at 125°C by adding a Dash 4 (-4) following the package suffix letter. 
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Process Option Flow Chart 



/883 
MIL-STD 883B 
METHOD 5004 
Class B 



Preseal Inspection 
Method 2010 
Condition B 



Stabilization Bake 
Method 1008, Cond. C 
150°C. 24 Hours 



Temperature Cycle 
Method 1010. Cond. C 

-65°C to +150"C 
1Q Cycles 



Centrifuge 

Method 2001. Cond. E 
30,000G Yl Axis 



Hermeticity (Fine Leak) 
Method 1014. Cond. A or 
< 5 » 10' 8 cc/sec 



Hermeticity (Gross Leak! 
Method 1014. Cond. C 



["eTectncal Test 
| Per Data Sheet 



r I 



Burn-In 
Method 1015 
125°C. 160 Hours 



, 4-. 

I Electrical Test 
. Per Data Sheet 
| 100% at 25°C 



— i 







Quality Conformance 
Group A* 
Method 5005 



Method 2009** 
100% 



'Group 8 and C tests done to customer order on /8 
'Physical Dimensions Excluded 
The latest revision of MIL-STD-883 is applicable 





STANDARD PRODUCT 

(A Temperature Suffix) 



Preseal Inspection 




Method 2010 




Condition B 




t 


Stabilization Bake 




Method 1008. Cond. 


c 


150 D C. 24 Hours 





I 



Temperature Cycle 
Method 1010, Cond.C 
-65°C to *150°C 
10 Cycl es 



("centrifuge ~ ~\ / 
I Method 2001. Cond. E . 8 

I 30.000G Yl Axis I 8 

I ._ I 3 



3l 



I Fine Leak I 
Method 1014. Cond. A o 
<5x 10- 8 cc/sec 



Hermeticity {Gross Leak) 
Method 1014, Cond. C 











I Final Electrical Test 
| 100% Per Data Sheet 

I 



' Quality Conformance 
I Electrical Test 
I Per Data Sheet 



I 1.5% AQL 

1 — 



i 



External Visual 
Method 2009** 
2-5% AQL 



INDUSTRIAL/COMMERCIAL 
(B-C Temperature Suffix) and 

—4 (Burned-in) 



Ppreseal Inspection 
I Siliconix Industrial 
• Specifications 



I* 



Hermeticity IGross Leak] 
{Non-Plastic Only} 
Method 1014, Cond. C 



Burn-In 

125°C, 160 Hours 
(-4 Only) 



|"~Fina1 Electrical Test 
I 100% Per Data Sheet 



uality Conformance 
I Electrical Test i — 

I Per Data Sheet | ** 

| 1.5% AQL 
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Class S 



Class B 



Class C 





Visual Inspection 
Method 2010 
Condition A 




Visual Inspection 
Method 2010 
Condition B 




Visual Inspection 
Method 2010 
Condition B 




•f 


* 










Stabilization Bake 
Method 1008 




Stabilization Bake 
Method 1008 




Stabilization Bake 
Method 1008 
24 Hours 






t 






f 








Temperature Cycle 
Method 1010 




Temperature Cycle 
Method 1010 




Temperature Cycle 
Method 1010 












+ 






Constant Acceleration 
Method 2001 
Condition E 




Constant Acceleration 
Method 2001 
Condition E 




Constant Acceleration 
Method 2001 
Condition E 








* 


t 






Hermeticity Fine 
Method 1014 
Condition A or B 




Hermeticity Fine 
Method 1014 
Condition A or B 




Hermeticity Fine 
Method 1014 
Condition A or B 


















Hermeticity Gross 
Method 1014 
Condition C 




Hermeticity Gross 
Method 1014 
Condition C 




Hermeticity Gross 
Method 1014 
Condition C 




















P.I.N. D 
Method 2020 
Condition A or B 




















> 


1 


t 






Electrical Test 
Oata Sheet 




Electrical Test 
Data Sheet 




Electrical Test 
Data Sheet 






* 














Burn In 
Method 1015 
jciu nours, i«!3 l 




Burn In 
Method 1015 
160 Houfs, 125' C 
























Hermeticity Fine 
Method 1014 
Condition A or B 












■ 


t 














Hermeticity Gross 
Method 1014 
Condition C 














t 




< 










Electrical Test 
Data Sheet 




Electrical Test 
Data Sheet 
























Radiographic 
Method 2012 
Two Views 














i 






i 


t 






Quality Conformance 
Group A, B, C, and D 




Quality Conformance 
Group A, B, C. and D 




Qualify Conformance 
Group A, B. C. and D 
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BS9000 Series Process Option 
Flow Chart 



CATEGORY SI 



«.B>d Ch™o» ol 



CATEGORY S4 
LEVEL O 



tttp'B Ch.ng. of 

BSS400 1!H1 
10 CyclH 
65 C tg ISO C 



ASSESSMENT 



INSPECTION REQUIREMENTS: All tests to be conducted at T flmb = 25 °C unless otherwise specified. Samples submitted to tests marked 'D' shall not be accepted for 
BS9000 Part l|. 

Row chart for 100% screening test procedures (see also Inspection Requirements) Production batches containing greater than 10% defective units subsequen 
The following acceptance-' rejection criteria apply to the electrical tests after Burn-in for screening levels A, B and D. 
Is) Lots exhibiting greater than 20% defectives shall be rejected, 
(bl Lots exhibiting less than 10% defectives shall be accepted. 

Id Lots exhibiting between 10% and 20% defectives (inclusive! shall have the defectives removed and the remainder of the lot subjected to an identical Burn-in. If such a Lot 
defectives is shall be rejected. 

Radiographic teats. Each device shall be examined, for extraneous matter and assembly defects, in the X and Y directions. 
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Catalog 
(See Key) 



A 

A1C 



F 
A 

A 

AIC 
AIC 



M 
M 
M 



Document 
Number 



AN 70-1 

AN70-2 
AN71-1 

AN 72-1 
AN 72-2 
AN 73-1 

AN 73-2 

AN73-3 

AN73-4 
•AN73-5 
•AN73-6 



F, A -AN73-7 
AIC 'AN74-1 



AN74-2 
AN74-3 
•AN74-4 
•AN75-1 
AN76-1 



M 



•AN76-6 
•AN76-7 
'AN77-1 

•AN77-2 

•AN79-1 

•AN79-3 

•AN79-4 
AN79-5 



•AN 79-6 



AN79-7 



Title 

Application Notes 

FET Cascode Circuits Reduce 
Feedback Capacitance 
FETs for Video Amplifiers 
A High Resolution CMRR Test 
Method 

FETs in Balanced Mixers 
FETs as Analog Switches 
FETs as Voltage-Controlled 
Resistors 

IC Multiplexer Increases Analog 
Switching Speeds 
Switching High-Frequency 
Signals With FET Integrated 
Circuits 

Junction FETs in Active Double- 
Balanced Mixers 
Driver Circuits for the J FET 
Analog Switch 

Function/Application of the L144 
Programmable Micro-Power Triple 
Op Amp 

An Introduction to FETs 
Function/Application of the 
LD110/LD111 3% Digit AID 
Converter Set 

Analog Switches in Sample and 
Hold Circuits 

Designing Junction FET Input Op 
Amps 

Audio-Frequency Noise Charac- 
teristics of Junction FETs 
CMOS Analog Switches — A 
Powerful Design Tool 
Measuring High Frequency 
S-Parameters on the Dual Gate 
MOSFET 

DG300 Series Analog Switch 
Applications 

Function/ Application of the L161 
Micropower Comparator 
Function/Application of the 
LD120/LD121 4Va Digit AID 
Converter Set in Measurement 
Systems 

Don't Trade Off Analog Switch 
Specs. VMOS— A Solution to 
High Speed, High Current, Low 
Resistance Analog Switches 
A 500 KHz Switching Inverter for 
12V Systems 

Dynamic Input Characteristics of 
a VMOS Power Switch 
Driving VMOS FETs 
Using the VN64GA High Current, 
High Power VMOS Power FET 
Using Power MOSFET Transisto 
to Interface from IC Logic 
Power Loads 

Applications of the VN10KM 
VMOS Power FET 
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Catalog Document 
(See Key) 



M 
M 
M 

M 

AIC 

AIC 

AIC 
F 



AIC 
AIC 

M 



•AN80-1 

•AN80-2 
AN80-3 
"AN80-4 

AN80-6 

AN80-8 



AN81-1 

AN81-2 
'AN81-3 
AN82-1 

•DA74-1 

•DA77-2 
DA78-4 

•DA80-1 
DA81-1 
DA81-2 



F 


•DI71-1 




DI71-4 




DI71-5 




DI71-6 




DI71-8 


F 


DI71-9 


F 


•DI73-2 




DI80-1 




TA70-1 


F 


•TA70-2 


A 


•TA73-1 


A 


TA73-2 



TA76-1 



Title 

Application Notes (Cont'd) 
A Key to the Advance of 
Switching Power Supplies 
Meet the VMOS FET Model 
Ultralinear Broadband Amplifier 
Enjoy VHF Power Amplifier 
Design 

AGC for the VMOS RF Power 
Amplifier 

Function/Application of the 
LD122/LD121A ±4V 2 Digit A/D 
Converter Set in Measurement 
Systems 

Microprocessor Interface 
Techniques As Applied to the 
Siliconix AID Converter Family 
Introduction to Quantized 
Feedback 

Composite Op Amp for High 
Performance 

Solving the Stepper Motor 
Interface Problems 

Design Aids 
Design Aid of the LD110/LD111 
3V! Digit DVM Demonstrator 
Board 

Design Aid of the LD120/LD121 
4V 2 Digit DVM 

Build a Smoke Detector With the 
SM110 IC 

A Low Cost Regulator for 
Microprocessor Applications 
Logic Interfacing Made Easy with 
the DG308 

Logic Interfacing Made Easy with 
the DG308 

Design Ideas 
The FET Constant Current Source 
Wideband Mixer-Preamplifier 
Using FETs 

A FET Frequency Doubler 
Using FETs in Selective VHF 
Amplifiers 

Using J FETs in Ultra-Wideband 
UHF Amplifiers 
Wideband UHF Amplifier with 
High Performance FETs 
High Performance FETs in Low- 
Noise VHF Oscillators 
A 5 Watt, Parallel-Mode Crystal 
Oscillator 

Technical Articles 
High Frequency Junction FET 
Characterization and Application 
FET Biasing 

Multiplexer Adds Efficiency to 
32-Channel Telephone System 
Designing with Monolithic FET 
Switches 

VMOS Power FETs in Your Next 
Broadband Driver 



Publications Index (Cont'd) 



Catalog 
(See Key) 



M 
M 
M 



Document 
Number 



•TA76-2 



•TA82-1 
•TA82-2 
•TA82-3 



Title 

Technical Articles (Cont'd) 
A New Technology: Application of 
VMOS Power FETs for High 
Frequency Communications 
The Autobias Amplifier 
MOSPOWER Semiconductor 
Bipolar and MOS Transistors: 
Emerging Partners for the 1980s 



Catalogs 

Analog Switch & IC Product Data Book 

Analog Switches and Their Applications ($7.95 charge) 

Small Signal FET Design Catalog 

MOSPOWER Design Catalog 

OEM Pricing with Cross Reference 

RF MOSPOWER Short Form Catalog 

Siliconix Short Form Selector Guide 



Key 

Catalogs 

AIC = Analog Switch & IC Product Data Book 
A = Analog Switches and Their Applications 
F = Small Signal FET Design Catalog 
M = MOSPOWER Design Catalog 

"Available in bound catalog only. 



Reprints & Reports 

• Siliconix, Inc. Annual Report. 

• Designing a VMOS 250 Watt Off-Line Inverter. David C. 
Hoffman, Powercon 3/78 

• Designing with CODECs: Know Your A's and |/s. Thomas J. 
Mroz, EDN 5/76 

• Log Data under ^ Control, Gary Grandbois, Electronic 
Design 5/76 

• Higher Power Ratings Extend VMOS FETs' Dominion, 
Arthur D. Evans, David C. Hoffman, Edwin S. Oxner, Walter 
Heinzer and Lee Shaeffer. Electronics 6/78 

• CODEC has On-Chip Signaling for Phone Applications, 
Walter Heinzer and Steve Bolger, Electronics 6/7/79 

• A Microprocessor Controlled VMOS Power Supply, David C. 
Hoffman 

• Control Analog Signals with Voltage, Stephen Moore, 
Electronic Design, 1978 

• Exploit VMOS FETs' Advantages to Drive Bipolar Power 
Transistors, F. Michael Barlage, Powercon 5/78 

• Rely on IC Analog Switches for Fast Small-Signal Control, 
EDN, August 5, 20, Sept. 5, 1980 

• Composite Op Amp Outperforms FET-lnput ICs, EDN, May 
27, 1981 

Books 

Designing with Field-Effect Transistors, Edited by Arthur D. 
Evans. Available at your technical bookstore or write to Suite 
26-1; McGraw-Hill Book Co., 1221 Avenue of the Americas, 
New York, NY 10020. 

Power FETs and Their Applications, by Edwin S. Oxner. 
Available at your technical bookstore or write to: Mail Order 
Billing, Prentice-Hall, Inc., Tappan Road, Old Tappan, NJ 
07675. 
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Worldwide Sales Offices 



Manufacturing Facilities 



TAIWAN 

Siliconix (Taiwan) Ltd. 
Nantze Export Processing Zone 
Kaohsiung 
Tel: 3612019 
Tlx: 78571235 



HONG KONG 

Siliconix (H.K.) Ltd. 
5/6/7th Floors 
Liven House 
61-63 King Yip Street 
Kwun Tong, Kowloon 
Tel: 3-427151 
Tlx: 4449SILXHX 



UNITED KINGDOM 

Siliconix Ltd. 
Morriston. Swansea 
SA6 6NE 

Tel: (0792) 74681 
Tlx: 48197 



UNITED STATES 

2201 Laurelwood Road 
Santa Clara, CA 95054 
Tel: (408) 988-8000 
Tlx: 910-338-0227 



U.S. Sales Offices 



Eastern 

Siliconix Incorporated 

31 Bailey Avenue 
Ridgelield.CT 06877 
(203)431-3535 
T«vx: 710467-0660 



Siliconix Ini 

395 Totten Pond Rd. 
Waltham. MA 02154 
(617) 890-7180 
Twx: 710-324-1783 



Central 

Siliconix Incorporated 

1327 Butterlield Rd . Suite 620 
Downers Grove. IL 60515 
(312 ) 960-0106 
Twx: 910-695-3232 

Siliconix Incorporated 

Two King James South. Suite 143 
24650 Center Ridge Road 
Westlake, OH 44145 
1216) 8354470 
Twx 810427-9258 

Siliconix Incorporated 

P.O. Box 487 
3310 Keller Springs RO. 
Suite 110A 
Carrollton, TX 75006 
(214) 358-4046/4047 
Twx: 910-860-9262 



Northwestern 

Siliconix Incorporated 

2201 Laurelwood Rd 
Santa Clara, CA 95054 
(408)988-8000 
Twx: 910-338-022? 



Southwestern 

Siliconix Incorporated 

1525 E 17th St., Suite L 
Santa Ana, CA 92701 

(714) 5474174 
Twx: 910-595-2643 



Southeastern 

Siliconix Incorporated 

4431 Winderlake Dr 
Orlando. FL 32811 
(305) 293 4255 



International Sales Offices 



EU 



FRANCE 

Siliconix S.A.R.L. 

70-72 Avenue Du General De Gaulle 
Echat 660 

94022 Creteil Cedex 
Tel: (1) 377 07.87 
Tlx: Silconx 230389F 



WEST GERMANY 

Siliconix GmbH 
Johannesstrasse 27 
D-7024 Filderstadt-1 
Posttach 1340 
Tel: 0711) 702066 
Tlx: 7-255 533 



UNITED KINGDOM 

Siliconix Ltd 

Brook House 

Northbrook Street 

Newbury. Berks 

RG131AH 

Tel: (0635)47609 

Tlx: 849357 

Siliconix Ltd. 
Morriston. Swansea 
United Kingdom SA6 6 
Tel: (0792)74681 
Tlx: 48197 



FAR EAST 

HONG KONG 

Siliconix (H.K.) Ltd. 

5th Floor 

Liven House 

61-63 King Yip Street 

Kwun Tong. Kowloon 

Tel: 3427151 

Tlx: 44449SILXHX 



JAPAN 

Nippon Siliconix Incorporated 
101 Daigo Tanaka Bldg 
44 lidabashi3-Chome 
ChiyodaKu, Tokyo 102 
Tel: (03)264-7905 
Tlx: 2322739 NSIXJ 

TAIWAN 

Siliconix (Taiwan) Ltd. 
Nantze Export Processing Zone 
Kaohsiung 
Tel: 3612019 
Tlx: 785 712 35 



Siliconix 



Worldwide Sales Offices (Cont'd) 



U.S. Sales Representatives 
■ 



ALABAMA, Huntsvllle (35803) INDIANA, Indianapolis (46240) 



Rep Incorpoi 
11547 S. Me 
(205) 881-9270 
Twx: 810-726-2102 

ARIZONA, Tempo (85281 ) 

Quatra Associates, Inc. 
1801 S. Jen Tilly Lane 
Suite C-14 
(602) 894-2808 
twx: 910-950-1153 

CALIFORNIA. Cupertino [9501 4] 

Costar Incorporated 

Si« , " tl " l " s * s " B '" 5 

Twx: 910-338-0206 

CALIFORNIA. Fountain Valley |9270B| 

Bager Electronics Inc. 
17220 Newhope St.. #211 
(714)957-3367 
Twx: 910-596-2636 

COLORADO, Englewood(801l2) 

Delta Sales Assoc. 
Bldg. 8 — Penthouse F 
14 Inverness Or E. 
(303)741-06(6 
Twx: 910-935-0717 

CONNECTICUT. Cheshire (06410-01601 

Scientific Components 
1165 South Main St 
(203)272-2963 
Twx: 710455-2078 

FLORIDA, Clearwater BCH (33515) 

Perron Associates 
473 East Shore Drive 
1813) 443-5214 
Twx: 810-866-0328 

FLORIDA. Orlando [32807] 

Perron Associates 
1607 Forsyth Road 
(305)275-1132 
Twx: 810-850-0103 

FLORIDA, Sunrise (33313) 

Perrott Associates 
1371 Sunset Strip 
(305) 792-2211 

GEORGIA. Norcross (30092) 

Montgomery Marketing 

3640 Peachtree Corner W #303 

(404)447-6124 

Twx: 810-766-0446 

ILLINOIS. DesPlaines [60018) 

Electron Marketing Corp. 
3166 Des Plaines Ave 
Suite 35 
(312)298-2330 
Twx: 910-233-0183 



Wilson Technical Sales, Inc. 
P.O. Box 40699 
(317) 298-3345 
Twx: 810-341-3264 

IOWA. Cedar Rapids (52402) 

Technical Reps Incorporated 
1930 SI Andrews Dr N.E. 
(319)393-1300 
Twx: 910-525-1351 

KANSAS, Wichita (67206) 

Technical Reps Incorporated 
1115 Parklane 
Suite 208 
(316) 681-0242 

MARYLAND. Baltimore (21208) 

Pro Rep 

107 Sudbrook Lane 
(301)653-3600 
Twx: 710-862-0862 

MICHIGAN. Brighton [481 1 6) 

A.P. Associates 
P.O. Box 777 

9680 E. Grand River Ave. 

(313) 229-6550 
Twx: 810-242-1510 

MINNESOTA. Burnsvllle (55337) 

Electronic Sales Inc. 
lOIW.BurnsvillePkwy. 
(612)894-8200 
Twx: 910-576-0233 

MISSOURI. Earth City [630451 

Technical Reps Inc 
502 Earth City Plaza. #201 

(314) 291-0001 
Twx: 910-762-0685 

MISSOURI, Kansas City (64111) 

Technical Reps Incorporated 
406 W. 34th. #616 VFW Bldg. 
(816) 756-3575 
Twx: 910-771-0025 

NEBRASKA. Lincoln (68502) 

Technical Reps Inc 
3100 N 14th St., Suite 21 
(402)475-2115 

NEW HAMPSHIRE, Nashua (03063) 

Comp Tech Incorporated 

:'71 0-228-1491 

NEW JERSEY, Marlton [0B053I 

B G R Associates 
3001 Greentree Exec Campus 
(609)428-2440 
Twx: 710-940-1358 



: [076661 



NEW JEI 

R.T. Reid Associates 
705 Cedar Lane 
1201)692-0200 
Twx: 710-990-5066 

NEW YORK. Endwell [13760) 

Trl-Tech Electronics, Inc. 
3215 E. Main St. 
(607)754-1094 
Twx: 510-252 4891 

NEW YORK. Fairport [144501 

Tri-Tech Electronics, Inc. 
590 Perinton Hills Oltice Park 
(716)223-5720 
Twx: 510-253-6356 

NEW YORK. Fayetteville (13066) 

Tri-Tech Electronics. Inc. 
6836 E.Genesee St. 
(315)446-2881 
Twx: 710-393-6552 

NY City, U: See Teaneck. NJ 

NEW YORK. Poughkeepsie (12603) 

Tri-Tech Electronics, Inc 
19 Davis Ave. 
(914)473-3880 

NORTH CAROLINA. Cary (27511) 

Montgomery Marketing 

P.O. B. 520 (1391 N.Harrison Ave) 

(919)467-6319 

Twx: 510-920-0634 

OHIO. Cleveland (44143) 

Arthur H. Baier Company 
67 Alpha Park 
(216)461-6161 
Twx 810427-9278 

OHIO. Dayton [4541 4| 

Arthur H. Baier Company 
4940 Prolit Way 
(513)276-4128 
Twx: 810459-1624 

OREGON. Beaverlon (970051 

Blair Hirsh Co.. Inc 

9645 S.W. Beaverton Hwy. 

(503)641-1875 

TENNESSEE. Jefferson City [37760) 

Rep Incorporated 

r 6 ? 5 ,^oV 3so b ™ a -> 

Twx: 810-570 4203 

TEXAS. Austin (787531 

Electronics Marketing Assoc 
607A Deen Avenue 
(512)837-0893 



TEXAS. Grapevine (76051 1 

Electronics Marketing Assoc. 
P.O. Box 487 
(403 E. Wall) 
(817)481-7502 or 7503 
Twx: 910-890-8659 

TEXAS, Houston (77099) 

Electronics Marketing Assoc. 
P.O. Box 42388 
(11450 Bissonnet, #309) 
(713)498-8120 

UTAH. Salt Lake City (841 15) 

Delta Sales Associates 

1800 Southwest Temple. Ste. 405 

(801)487-7571 

WASHINGTON, Lynnwood (98036) 

Blair Hirsh Co., Inc. 
P.O. Box 2250 
19410 36th Avenue West 
Suite 106 
(206) 774-8151 



WISCONSIN, 

Larsen Associates 
10855 West Potter Rc 
(414) 258-0529 
Twx: 910-262-3160 



(53226) 



U.S. CHIP 
DISTRIBUTORS 



FLORIDA. Orlando 132807) 

Chip Supply Inc. 
1607 Forsyth Road 
(305)275-3810 
Twx: 810-850-0103 

PENNSYLVANIA. Malvern (19335) 

Hybrid Die Technology 
111 Great Valley Pkway. 
(215)296-5905 
Twx: 510-668-6123 
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Siliconix 



